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VIRAL VARIANTS; DETECTION AND APPLICATION 
BACKGROUND OF THE INVENTION 

5 FIELD OF THE ESTVENTION 

The present invention relates generally to viral variants exhibiting reduced sensitivity to 
particular agents and/or reduced interactivity with immunological reagents. More 
particulariy, the present invention is directed to hepatitis B virus (BffiV) variants exhibiting 

10 complete or partial resistance to nucleoside or nucleotide analogs and/or reduced 
interactivity with antibodies to viral surfiice con^nents including reduced sensitivity to 
diese antibodies. The present invention furth^ contenq[>lates assays for detecting such viral 
variants, which assays are useM in monitoring anti-viral Iher^eutic regimens and in 
developing new or modified vaccines directed against viral agents and in particular HBV 

1 5 variants. The present invention also contemplates the use of the viral variants to screen for 
and/or develop or design agents capable of inhibiting mfection, replication and/or release 
of the virus. 

DESCBIPTION OF THE PRIOR ART 

20 

Bibliographic details of the publications refared to in this specification are also collected 
at the end of the desoiption. 

The reference to any prior ait in this specification is not, and should not be taken as, an 
25 acknowledgment or any form of suggestion that that prior art forms part of the common 
general knowledge in any country. 

Hepatitis B-virus (HBV) can cause debilitating disease conditions and can lead to acute 
liver failure. HBV is a DNA virus which replicates via an KNA intermediate and utilizes 
30 reverse transcription in its replication strategy (Summers and Mason, Cell 29: 403-415, 
1982). The HBV genome is of a complex nature having a partially double-stranded DNA 
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structure with overlapping open reading frames encoding surface, core, polymerase and X 
genes. The complex nature of the HBV genome is represented in Figure L The polymerase 
consists of four functional regions, the terminal protein (TP), spacer, reverse transcriptase 
(rt) and ribonuciease (RNAse). 

5 

The polymerase gene of HBV overlaps the envelope gene, mutations in the catalytic 
domain of the polymerase gene can also affect the nucleotide and the deduced amino acid 
sequence of the envelope protein and vice versa. In particular, the genetic sequence for the 
neutralization domain of HBV known as the * a* determinant, which is found within the 
10 HBsAg and located between amino acids 99 and 169, actually overlaps the major catalytic 
regions of the viral polymerase protein and in particular domains A and B. 

The presence of an HBV DNA polymerase has led to the proposition that nucleoside or 
nucleotide analogs could act as effective anti-viral agents. Examples of nucleoside analogs 

15 currently being tested are pmciclovir and its oral form (FCV) [Vere Hodge, Antiviral 
Chem Chemother 4: 67-84, 1993; Boyd et aC Antiviral Chem Chemother. 32: 358-363, 
1987; Kmger et al., Hepatology 22: 219A, 1994; Main et al., J. Viral Hepatitis 3: 21 1-215, 
1996], Lamivudine ((-)-j5-2'-deoxy-3'-thiacytidine]; (3TC or LMV) [Sevoini et al. 
Antimicrobial Agents Chemother. 39: 430-435, 1995; Dienstag et al. New England J Med 

20 333: 1657-1661, 1995]. New nucleoside or nucleotide analogs which have already 
progressed to clinical trials include the pyrimidines' Emtricitabine, ((-)-p-L-2'-3'-dideoxy- 
5-fIuoro-3'-thiacydidine; FTC), the 5-fluoro derivative of 3TC, and Clevudine (l-(2- 
iluoro-5-methyl-/^L-arabino-fiiranosyl) uracil; L-FMAU), a thymidine analog. Like 3TC, 
these are pyrimidine derivatives with an unnatural *X"- configuration. Several purine 

25 derivatives have also progressed to clinical trials; they include Entecavir (BMS-200, 475; 
ETV), a carbocyclic deoxyguanosine analog, diaminopurine dioxolane (DAPD), an oral 
pro-drug for dioxolane guanine ((-)-p-D-2-aminopurine dioxolane; DXG) and Adefovir 
dipivoxil, an oral prodrug .for. the acyclic deoxyadenpsine monophosphate nucleoside 
analog Adefovir (9-[phosphonyI-methoxyethyl]-adenine; PMEA). Other drugs in pre- 

30 clincial and clinical trials include include FLG [Medivir], ACH-126,443 (L-d4C) 
[Archillion Pharaiaceuticals], ICN 2001-3 (ICN) and Racivir (RCV) [Pharmassett]. 
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Whilst these agents are highly effective in inhibiting HBV DNA syntiiesis, there is the 
potential for resistant mutants of HBV to emerge during long term antiviral chemotherapy. 
In patients on prolonged LMV therapy, key resistance mutations are selected in the rt 
5 domain within the polymerase at rtM204W +/- rtLlSOM as well as other mutations. The 
nomenclature used for the polymerase mutations is in accordance with that proposed by 
Stuyver et al, 2001, supra, LMV is a nucleoside analog that has been approved for use 
against chronic HBV infection. LMV is a particularly potent mhibitor of HBV replication 
and reduces HBV DNA titres m the sera of chronically infected patients after orthotopic 
10 liver transplantation (OLT) by inhibiting viral DNA synthesis. LMV monotherapy seems 
unlikely to be able to control HBV replication in the longer term. This is because 
emergence of LMV-resistant strams of HBV seems almost inevitable during monotherapy, 

Adefovir dipivoxil (ADV: formerly, bis-pom PMEA) is an orally available prodrug of the 
15 acyclic deoxyadenosine monophosphate analog adefovir (formerly, PMEA) (Figure 2). 
ADV is also a potent inhibitor of HBV replication and has recmtly been given FDA 
approval for use against chronic HBV mfection. Adefovir dipivoxil differs fix)m other 
agents in this class in that it is a nucleotide (v^. nucleoside) analog and as such bypasses 
tiie first phosphorylation reaction during drug activation. This step is often rate-limiting. 
20 Adefovir dipivoxil has demonstrated clmical activity against both wild-type and 
lamivudine-iesistant strains of HBV and is cuirentiy in phase III clinical Testing (Gilson et 
aL J Viral Hepat 6: 387-395, 1999; Perrillo et aL, Hepatology 32: 129-134, 2000; Peters 
et aL Transplantation 68: 1912-1914, 1999; Benhamou et al. Lancet 358: 718-723, 
2001). During phase n studio a 30 mg daily dose of adefovir dipivoxil resulted in a mean 
25 4 logio decrease in viremia over 12 weeks ^eathcote et al, Hepatology 28: A620, 1998). 

ADV is a substituted acyclic nucleoside phosphonate. This class of compounds also 
includes tenofovir disoproxil fiunarate (also referred to as tenofovir DF, or tenofovir, or 
(TFV) or 9-R-(2-phosphonomettioxypropyl)adenine CPMPA) and is marketed as Viread by 
30 Gilead sciences). 
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TFV has antiviral activity against both HBV and HIV (Ying et al, J Viral Hepat 7(2): 
161-165, 2000; Ying et aL, J. Viral Hepat 7(1): 79-83, 2000; Suo et al. J Biol Chem. 
273(42): lllS^i'lllSZ. 1998). 

5 FTC has activity against HBV and HIV (Frick et al., Antimicrob Agents Chemother 37: 
2285-2292, 1993). 

Nucleoside or nucleotide analog ther^y may be administered as monotherapy, or 
combination therapy where two or more nucleoside or nucleotide analogs may be 
10 administered. The nucleoside or nucleotide analogs may also be administered in 
combination with other antiviral agents such as interferon or hq)atitis B immunoglobulin 
(HBIG), 

There is a need to monitor for the emergence of nucleoside/nucleotide-analog- or antibody- 
15 resistant strains of HBV and to develop diagnostic protocols to detect these resistant 
viruses and/or to use them to screm for and/or develop or design agents having properties 
mnlcitig them useful as anti-viral agents. Defective forms of these resistant strains or 
antigenic components therefcom are also proposed to be useful in the development of 
therapeutic vaccine compositions as are antibodies directed to viral surface components. 
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SUMMARY OF THE INVENTION 

Throughout this specification, unless the context requires otherwise, the word "comprise", 
or variations such as "comprises" or "comprising**, will be understood to imply the 
5 inclusion of a stated element or integer or group of elements or integers but not the 
exclusion of any other element or integer or group of elements or integers. 

Nucleotide and amino acid sequences are referred to by a sequence identifier number (SEQ 
ID NO:). The SEQ ID NOs: correspond numerically to the sequence identifiers <400>1 
10 (SEQ ID NO:l), <4O0>2 (SEQ ID NO:2), etc. A summary of the sequence identifiers is 
provided in Table 1. A sequence listing is provided after the claims. 

Specific mutations in an amino acid sequence are represented herein as **XaainXaa2" 
where Xaai is the original amino acid residue before mutation, n is the residue number and 

15 Xaa2 is the mutant amino acid. The abbreviation "Xaa" may be the three letter or single 
letter (i.e. "X'O code. An **rt" before "XaainXaa2" means ••reverse transcriptase". An "s" 
means an envelope gene. The amino acid residues for HBV DNA polymerase are 
numbered with the residue methionine in the motif Tyr Met Asp Asp (YMDD) being 
residue number 204 (Stuyver et al, H^atology 33: 751-757, 2001). The amino acid 

20 residues for hepatitis B virus surface antigen are number according to Norder et al. (J. 
Gen. Virol. 74: 341-1348, 1993). Bofli single and three letter abbreviations are used to 
define amino acid residues and these are summarized in Table 2. 

In accordance with the present invention, the selection of HBV variants is identified in 
25 patients (Patient A, B, C and D) with chronic HBV infection treated with ADV. Variants ' 
of HBV are identified during ADV or combination ADV and IMST treatment with 
mutations in the HBV DNA polymerase gene which reduce flie sensitivity of HBV to this 
nucleoside analog. Consequently, HBy_rt vfdants are contemplated which are resistant to, 
or which exhibit reduced sensitivity to, ADV, IMV,TFV, FTC, ADV and LMV, ADV and 
30 TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV 
and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, 
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or ADV and FTC and LMV and TFV and/or optionally other nucleoside or nucleotide 
analogs or other anti-HBV agentsor combinations diereof . Corresponding mutations in the 
surface antigen also occur. The identification of these HBV variants is important for the 
development of assays to monitor ADV, LMV, FTC and/or TFV resistance and/or 
5 resistance to other nucleoside or nucleotide analogs or other anti-HBV agents or 
combinations thereof and to screen for agents which are useful as alternative therapeutic 
agents. 

Reference herein to "anti-HBV agents" includes nucleoside and nucleotide analogs as well 
10 as immunological reagents (e.g. antibodies to HBV surface components) and chemical, 
proteinaceous and nucleic acid agents which inhibit or otherwise mterfere with viral 
r^lication, maintenance, infection, assCTibly or release. 

The detection of such HBV variants is particularly important in the management of 
15 therapeutic protocols including the selection of appropriate agents for treating HBV 
infection. The method of this aspect of the present invention is predicated in part on 
monitoring the development in a subject of an increased HBV load in the presence of a 
nucleoside or nucleotide analog or other anti-HBV agents or combinations thereof. The 
clinician is then able to modify an existing treatment protocol or select an appropriate 
20 treatment protocol accordingly. 

Accordingly, one aspect of the present uivention is directed to an isolated HBV variant 
comprising a nucleotide mutation in a gene encoding a DNA polymerase resulting in at 
least one amino acid addition, substitution and^or deletion to the DNA polymerase and 

25 which exhibits decreased sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, 
ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV 
and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV 
and FTC, or ADV and FTC and LMV and TFV and/or optionally other nucleoside or 
nucleotide analogs or other anti-HBV agents or combinations thereof. The variant HBV 

30 comprises a mutation in an overlapping open reading frame in its genome in a region 
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defined by one or more of domains F and G and domain A through to E of HBV DNA 
polymerase. 

Another aspect of the present invention provides an isolated HBV variant comprising a 
S nucleotide mutation in the S gene resulting in at least one amino acid addition, substitution 
and/or deletion to the surface antigen and which exhibits decreased sensitivity to ADV» 
LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and AD V, 
FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, 
TFV and FTC and LMV, or ADV and FTC and LMV and TFV, ADV and LMV and FTC, 
10 and/or optionally other nucleoside or nucleotide analogs or other anti-HBV agents or 
combinations thereof. 

Useful mutants in the rt region include, in one embodiment, rtT38K, rtR55H and rtAlSlV; 
in another embodiment includes rtS/T78S, rtVSOL, rfN/S118N, rtN/K139K, rtE142V, 
15 rtA/TlSlA rtI204M, rtQ/P/S/Stop215S,rt E/K218E, rfN/H238H and rtY245H; in yet 
another embodiment includes rtN238T; and yet another embodiment includes rtI122V and 
rtAl 81T; or a combination thereof or an equivalent mutation. 

Other HBV variants are also contemplated with mutations rtT38K (in the F domain of the 
20 DNA polymerase), rfRSSB. (located between the F and A domains), rtS/T78S, rtVSOL 
(these are located within the A domain), rtN/S118N, rfI122V rtN/EC139K, rtE142V 
(located between the A and B domains, rtAlSlV, rtAlSlT (these are located in the B 
domain), rtQ/F/S/Stop21SS,rt E/K218E (located between the C and D domains), 
rtN/H238H, rfN238T (these are located in the D domain) and rtY245H (located between 
25 the D and B domains) or a combination thereof or an equivalent mutation. 

Useful mutations in the S gene include, in one embodiment include sQ30K. sE44G, 
sA47T, SI126T, sA159V and L173F, in anoAer embodhnent include sF55S, sC/Stop69C, 
SC/Y76Y, sWUOI, SN/T131N, sN134Y, sStopAV172W, sStop/W196W, SS/R207R; in 
30 yet another embodiment include sV14A, sL9SW, sV960, and I208T/I; and in yet another 
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embodiment include sT47A and sW172stop, or a combination thereof or an equivalent 
mutation. 

The present invention further contemplates a method for determining tiie potential for an 

5 HBV to exhibit reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV 
and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and 
LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and 
FTC, or ADV and FTC and LMV and TFV and/or optionally otiier nucleoside or 
nucleotide analogs or otiier anti-HBV agents or combination thereof by isolating DNA or 

10 corresponding mRNA from tiie HBV and screening for a mutation in ttie nucleotide 
sequence encoding HBV DNA polymerase resulting in at least one amino acid substitution, 
deletion and/or addition in any one or more of domains F and G and domains A through to 
E or a region proximal tiiereto of tiie DNA polymerase and associated with resistance or 
decreased sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, 

15 LMV and TFV, FTC and ADV, FTC and TFV. FTC and LMV, or ADV and LMV and 
TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or 
ADV and FTC and LMV and TFV and/or optionally otiier nucleoside or nucleotide 
analogs or otiier anti-HBV agoits or combination ttioreof. The presence of such a mutation 
is an indication of tiie likelihood of resistance to ADV, LMV, TFV, or FTC, or ADV and 

20 LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or 
ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and 
LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other nucleoside or 
nucleotide analogs or other anti-HBV agents or combination thereof. 

25 The present invention also provides a composition conqmsing a variant HBV resistant to 
ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and 
ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and 
TFV, TFV and FTC and LMV, or ADV and FTC and LMV and TFV, ADV and LMV and 
FTC, and/or optionally other nucleoside or nucleotide analogs or otiier anti-HBV agents or 

30 combination tiiereof or an HBV surfece antigen from tfie variant HBV or a recombinant or 
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derivative form thereof or its chemical equivalent and one or more pharmaceutically 
acceptable carriers and/or diluents. 

Yet another aspect of the present invention provides a use of the aforementioned 
S composition or a variant HBV comprising a nucleotide mutation in a gene encoding a 
DNA polymerase resulting in at least one amino acid addition, substitution and/or deletion 
to the DNA polymerase and a decreased sensitivity to ADV, LMV, TFV, or FTC, or ADV 
and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV. ADV 
10 and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally oflier 
nucleoside or nucleotide analogs or otiier anti-HBV agents or combination thereof in the 
manufacture of a medicament for the treatment and/or prophylaxis of hepatitis B virus 
infection. 

15 The present invention also contemplates a method for determining whether an HBV strain 
exhibits reduced sensitivity to a nucleoside or nucleotide analog or other anti-HBV agents 
or by isolating DNA or corresponding mRNA from the HBV and screening for a mutation 
in the nucleotide sequence encoding the DNA polymerase wherein the presence of the 
following mutations in the rt region: in one embodiment, , in one ^bodiment, rtT38K, 

20 rtRSSH and rtAlSlV; in anotiier embodiment includes rtS/T78S, rtVSOL, rtN/S118N, 
rtN/K139K, rtB142V, rtA/TlSlA rtI204M, rtQ/P/S/Stop215S,rt E^18E, rtN/H238H and 
rtY24SH; m yet another embodiment includes rfN238T; and yet anodic embodiment 
includes rtI122V and rtAlSlT; or combinations thereof or an equivalent one or more other 
mutation is indicative of a variant which exhibits a decreased sensitivity to ADV, 

25 LMV,TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, 
FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, 
TFV and FTC and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV 
and/or optionally other nucleoside or nucleotide analogs or other anti-HBV agents or 
combination tiiereof. 

30 
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Still a further methodology comprises screening for a mutation in the nucleotide sequence 
encoding the envelope genes (s) wherein the presence of the following mutations in die S 
gene: in one embodiment include sQ30K. sB44G, sA47T, sI126T, sAlS9V and L173F» in 
another embodiment include sF55S, sC/Stop69C, sC/Y76Y, sWllOI, sN/T131N, 
5 SN134Y, sStop/W172W, sStop/W196W, SS/R207R; in yet another embodiment include 
sV14A, SL95W, sV96G, and I208TA; and in yet another embodiment include sT47A and 
sW172stop, or combinations thereof or an equivalent one or more other mutation is 
indicative of a variant which exhibits a decreased sensitivity to ADV, LMV,TFV, or FTC, 
or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC 
10 and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and 
LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV, and/or optionally 
other nucleoside or nucleotide analogs or other anti-HBV agents or combination thereof. 

Preferably, the variants are in an isolated form such that they have undergone at least one 
15 purification step away from naturally occurring body fluid. Alternatively, the variants may 
be maintained in isolated body fluid or may be in DNA fomfi. The present invention also 
contemplates infectious molecular clones comprising the genome or parts thereof firom a 
variant HBV. The detection of HBV or its components in cells, cell lysates, cultured 
supernatant fluid and bodily fluid may be by any convenient means including any nucleic 
20 acid-based detection means, for example, by nucleic acid hybridization techniques or via 
one or more polymerase chain reactions (PCRs). The term **bodily fluid'' includes any fluid 
derived &om the blood, lymph, tissue or organ systems includmg serum, whole blood, 
biopsy and biopsy fluid, organ explants and organ suspension such as liver suspensions. 

25 Another aspect of the present invention is directed to a variant HBV comprising a surface 
antigen having an amino acid sequence with a single or multiple amino acid substitution, 
addition and/or deletion or a truncation compared to a sur&ce antigen firom a reference or 
wild type HBV and wherein an antibody gmerated to the reference or wild type surface 
antigen exhibits an altered immunological profile relative to tiie HBV variant. One altered 

30 profile includes a reduced edacity for neutralizing the HBV. More particularly, die 
sur&ce antigen of the variant HBV exhibits an altered immimological profile compared to 
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a pre-treatment HBV where the variant HBV is selected for by a nucleoside or nucleotide 
analog or other anti-HBV agents of the HBV DNA polymerase. The variant HBV of this 
aspect of the invention may also comprise a nucleotide sequence comprising a single or 
multiple nucleotide substitution, addition and/or deletion compared to a pre-treatment 
5 HBV, 

The present invention extends to an isolated HBsAg or a recombinant forai thereof or 
derivative or chemical equivalent thereof corresponding to the variant HBV. Generally, the 
HBsAg or its recombinant or derivative form or its chemical equivalent comprises an 
10 amino acid sequence with a single or multiple amino acid substitution, addition and/or 
deletion or a truncation compared to an HBsAg from a reference HBV and wherein an 
antibody directed to a reference HBV exhibits an altered immunological profile to an HBV 
carrying said variant HBsAg. In one embodiment, the altered immunological profile 
comprises a reduction in the ability to neutralize tfie variant HBV. 

15 

Another aspect of the present invention contemplates a method for detecting an agent 
which exhibits inhibitory activity to an HBV by generating a genetic construct conq>rising 
a replication competent-effective amount of the genome from the HBV contained in a 
plasmid vector and then transfecting said cells with said constract, contacting the cells, 

20 before, during and/or after transfection, with the agent to be tested, culturing the cells for a 
time and under conditions sufficient for the HBV to replicate, express genetic sequences 
and/or assemble and/or release virus or vims-like particles if resistant to said agents; and 
the subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral- 
component-detection means to determine whether or not flie virus has replicated, expressed 

25 genetic material and/or assembled and/or been released in the presence, of the agent. In a 
preferred embodiment, the plasmid vector in a baculovims vector and tiie method 
comprises generating a genetic construct comprising a replication competent-efifective 
amount of the genome from the HBV contained in or fused to an amount of a baculovirus 
genome effective to infect cells and then infecting said cells witii said construct, contacting 

30 the cells, before, during and/or after infection, vnth the agent to be tested, culturing the 
cells for a time and under conditions siifificient for the HBV to replicate, express genetic 
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sequences and/or assemble and/or release virus or virus-like particles if resistant to said 
agent and then subjecting flie cells, cell lysates or culture supernatant fluid to viral- or 
viral-component-detection means to determine whether or not the virus has replicated, 
expressed genetic material and/or assembled and/or been released in the presence of the 
5 agent 

In connection with these methods, the plasmid vector may include genes encoding part or 
all of other viral vectors such as baculovims vectors or adenovirus vectors (see Ren and 
Nassal,^. ViroL 75(3): 1104-1116,2001). 

10 

In an alternative embodiment, the method comprises generating a continuous cell line 
comprising an infectious copy of the genome of the HBV in a replication competent 
effective amount such that said infectious HBV genome is stably integrated into said 
continuous cell line such as but not limited to the 2.2.15 or AD cell line, contacting the 
15 cells with the agent to be tested, culturing the cells for a time and under conditions 
sufficient for the HBV to replicate, express genetic sequences and/or assemble and/or 
release virus or virus-like particles if resistant to the agent and then subjecting the cells, 
cell lysates or culture supernatant fluid to viral- or viral-component-detection means to 
determine whether or not the virus has replicated, expressed genetic material and/or 
assembled and/or been released in the presence of the agent. 

In an alternative embodiment, the present invention also contemplates a method for 
detecting an agent which exhibits inhibitory activity to an HBV polymerase in an iii vitro 
polymerase assay. The HBV polymerase activity can be examined using established assays 
(Gaillard et aL^ Antimicrob Agents Chemother. 46(4): 1005-1013, 2002; Xiong et al, 
Hepatology. 28(6): 1669-73, 1998). The HBV polymerase may be a wild-type or reference 
HBV polymerase or mutant HBV polymerase. 

The identification of viral variants enables the production of vaccines comprising 
particular recombinant viral componmts such as polymerases or envelope genes PreSl, 
PreS2, S encoding for L, M, S proteuis as well as thers^ieutic vaccines comprising 
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defective HBV variants. Rational drug design may also be employed to identify or 
generate therapeutic molecules capable of interacting with a polymerase or or envelope 
genes PreSl, PreS2, S encoding for L, M, S proteins or other component of the HBV. Such 
drugs may also have diagnostic potential. In addition, defective HBV variants may also be 

5 used as therapeutic compositions to generate an immune response against the same, sunilar 
or homologous viruses. Altematively, antibodies generated to the HBV variants or surface 
components thereof may be used in passive immunization of subjects against infection by 
HBV variants or similar or homologous viruses. Furthermore, agents such as nucleoside or 
nucleotide analogs, RNAi or siRNA molecules, antisense or sense oligonucleotides, 

10 chemical or proteinaceous molecules having an ability to down-regulate the activity of a 
component of HBV and inhibit rq[>lication, maintenance, infection, assembly or release are 
contemplated by the present invention. 

A summary of the abbreviations used throughout the subject specification are provided in 
15 Tables. 
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A summaiy of sequence identifiers used throughout tiie subject specification is provided m 
Table 1. 



TABLE 1 
Summary of sequence identifiers 



SEQUENCE ID NO: 


•■■ DESCRIPTION • 


1 


Fonniila I 


2 


Formula U 


3 


OSl primer 


4 


TTA3 primer 


5 


JM primer 


6 


TTA4 primer 


7 


OS2 primer 


8 


soise primer 


9 


antisense primer 


10 


internal regions primer 


11 


internal regions primer 


12 


PCI forward primer 


13 


PC2 revise primer 


14 


HBV-specific molecular beacon primer 
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TABLE2 

Single and three letter amino acid abbreviations 



Amino Acid 


Three-letter Abbreviation 


One-letter symbol 


Alanine 


Ala 


A 

A 


Arginine 


Arg 


R 


Asparagine 


Asn 


' XT 

N 


Aspartic acid 


Asp 


D 


Cysteine 


Cys 


C 


Glutamine 


Gin 


Q 


Glutamic acid 


Glu 


E 


Glycine 


Gly 


G 


Histidine 


His 


H 


Isoleucine 


He 


I 


Leucine 


JLeu 


T 
Ma 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Threonine 


The 


T 


Tryptophan 


Trp 


W 


Tyrosine 


Tyr 


Y 


Valine 


Val 


V 


Any residue 


Xaa 


X 
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A list of abbreviations used throughout the subject specification are provided in Table 3. 



TABLE 3 
Abbreviations 





mrssnjiPTtriN 

O V.'XvUr J. Av/i^ 




(LfM V (^-j-p-/ -cieoxy-3 -tniacytidine 


ADV 


adefovir dipivoxil 


DAPD 


diaminopurine dioxalone 


DXG 


dioxolane guanine 


ETV 


entecavir 


FAM 


famciclovir 


FCV 


famciclovir 


FTC 


emtricitabine 


HBIG 


hepatitis B immunoglobulin 


HBsAg 


h^atitis B surface antigen 


HBV 


hepatitis B virus 


LMV 


lamividuine 


PMEA 


9-[phosphonyl-mefhoxyethyl]-adenine; adefovir 


PMPA 


9-R-(2-phosphonomethoxypropyl)adenine 


RNase 


ribonuclease 


rt("rt" before 
"XaainXaaa" means 
reverse transcriptase) 


reverse transcriptase 


s (as used in a mutation, 
e.s. SF134V) 


envelope gene 


TFV 


tenofovir disoproxil fiunarate 


YMDD 


Tyr Met Asp Asp-a motif in the polymerase protein; where 
the Met residue is designated residue number 204 of the 
reverse transcriptase 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a diagrammatic representation showing the partially double stranded DNA 
HBV genome showing the overlapping open reading frames encoding surface (S), core 
S (C), polymerase (P) and X gene. 

Figure 2 is a diagrammatic representation of the chemical structure of ADV. 

Figure 3 is a diagrammatic representation of a computer system for determining the 
1 0 potency value (Pa) of a variant HBV. 

Figure 4 is a representation showing comparison of die HBV nucleotide sequence 
encoding the catalytic region of the polymerase gene in sequmtial samples from Patient A 
during AD V treatment 

15 

Figure 5 is a representation showing comparison of the deduced amino acid sequence of 
the catalytic region of the polymerase gene in sequential samples from Patient A during 
ADV therapy. 

20 Figure 6 is a representation showing comparison of the deduced amino acid sequence of 
the envelope gene in sequential samples from Patient A during ADV fherapy. 

Figure 7 is a representation showing comparison of the HBV nucleotide sequence 
encoding the catalytic region of the polymerase gene in sequential samples from Patient B 
25 during ADV and LMV treatment. 

Figure 8 is a representation showing comparison of the deduced amino acid sequence of 
the catalytic region of the polymerase gene in sequmtial samples Scorn Patient B during 
AD V and IMV therapy. 

30 
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Figure 9 is a representation showing comparison of the deduced amino acid sequence of 
the envelope gene in sequential samples from Patient B during ADV and LMV ther^y. 

Figure 10 is a representation showing comparison of the HBV nucleotide sequence 
5 encoding the catalytic region of the polymerase gene in sequential samples from Patient C 
during ADV treatment. 

Figure 11 is a representation showing comparison of the deduced amino acid sequence of 
the catalytic region of the polymerase gene in sequential samples from Patient C during 
10 ADV therapy. 

Figure 12 is a representation showing comparison of the deduced amino acid sequence of 
the envelope gene in sequential samples from Patient C during ADV therapy. 

15 Figure 13 is a representation showing comparison of the HBV nucleotide sequence 
encoding the catalytic region of tiie polymerase gene in sequential samples from Patient D 
during ADV treatment. 

Figure 14 is a representation showing comparison of the deduced amino acid sequence of 
20 tiie catalytic region of the polymerase gene in sequential samples from Patient D during 
ADV thers5)y. 

Figure IS is a representation showing comparison of the deduced amino add sequence of 
the envelope gene in sequential samples from Patient D during ADV therapy. 

25 
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DETAILED DESCRIFnON OF THE INVENTION 

The present invoition is predicated in part on the identification and isolation of nucleoside 
or nucleotide analog-resistant variants of HBV following treatment of patients with either 
5 ADV or LMV or more particularly ADV and LMV, or optionally other nucleoside analogs 
or nucleotide analogs or other anti-HBV agents such as TFV or FTC. In particular, ADV or 
ADV and LMV treated patients gave rise to variants of HBV exhibiting decreased or 
reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, 
IMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and 

10 TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or 
ADV and FTC and LMV and TFV, . Reference herein to "decreased" or **reduced" in 
relation to soisitivity to ADV and/or LMV and/or FTC and/or TFV includes and 
enconqiasses a complete or substantial resistance to the nucleoside or nucleotide analog or 
other anti-HBV agents as well as partial resistance and includes a replication rate or 

IS replication efficiency which is more than a wild-type in the presmce of a nucleoside or 
nucleotide analog or other anti-HBV agents. In one aspect, this is conveniently measured 
by an increase in viral load during treatment, or alternatively, there is no substantial 
decrease in HBV DNA vural load fiom pre-treatment HBV DNA levels during tr^tment 
(i.e., non-response to treatment). 

20 

Before describing the present invention in detail, it is to be understood that unless 
otherwise indicated, the subject invention is not limited to specific formulations of 
components, manufacturing methods, dosage regimens, or the like, as such may vary. It is 
also to be understood fiiat the terminology used herein is for the purpose of describing 
25 particular embodiments only and is not intended to be limiting. 

It must be noted that, as used in the subject specification, the smgular forms "a", "an** and 
'the'* include plural aspects uxiless the context clearly dictates otherwise. Thus, for 
example, reference to "a nucleoside or nucleotide analog" includes a single analog, as well 
30 as two or more analogs; referrace to **an HBV variant** includes reference to two or more 
HBV variants; and so forth. 
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In describing and claiming the present invention, the following terminology is used in 
accordance with the definitions set forth below. 

5 The terms "analog**, "compound", "active agent", '"pharmacologically active agent*', 
'"medicamenf ',. "active** and "drug** are used interchangeably herein to refer to a chemical 
compound that induces a desired effect such as inhibit viral replication, infection, 
maintenance, assembly and/or the function of an enzyme such as HBV DNA polymerase. 
The terms also encompass pharmaceutically acceptable and pharmacologically active 

10 ingredients of those active agents specifically mentioned herein including but not limited 
to salts, esters, amides, prodrugs, active metabolites, analogs and the like. When the terms 
"analog**, "compound", "active agent**, "pharmacologically active agent**, "medicament**, 
"active** and "drug** are used, then it is to be understood that this includes the active agent 
per se as well as pharmaceutically acceptable, pharmacologically active salts, esters, 

1 5 amides, prodrugs, metabolites, analogs, etc. 

The present invention contemplates, therefore, compounds useful in inhibiting HBV 
replication, infection, maintenance, assembly and/or the function of an enzyme such as 
HBV DNA polymerase. Reference to an "analog**, "compound**, "active agent**, 

20 ^^pharmacologically active agenf *, '^medicament**, "active" and "drag** such as ADV, 
LMV, FTC and/or TFV includes combinations of two or more actives such as ADV, IMV, 
TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC 
and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV 
and FTC and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV. A 

25 "combination** also includes a two-part or more such as a multi-part anti-HBV therapeutic 
composition where the agents are provided sqparately and given or dispensed separately or 
admixed together prior to dispensation. 

The temis "effective amount* and "therapeutically effective amount** of an agent as used 
30 herein mean a sufficient amount of the agent to provide tiie desired therapeutic or 
physiological effect of inhibiting HBV replication, infection, maintenance, assembly 
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and/or the function of an razyme such as HBV DNA polymerase. Furthermore, an 
"effective HBV-inhibiting amount" or "effective symptom-ameloriating amount" of an 
agent is a sufficient amount of the agent to directly or indirectly inhibit replication, 
infection, maintenance, assembly and/or the function of an enzyme such as HBV DNA 

5 polymerase. Undesirable effects, e.g. side effects, are sometimes manifested along with ttie 
desired therapeutic effect; hence, a practitioner balances the potential benefits against the 
potential risks in detemiining what is an appropriate "effective amount". The exact amount 
required will vary from subject to subject, depending on the species, age and general 
condition of the subject, mode of administration and the like. Thus, it may not be possible 

10 to specify an exact "effective amount". However, an appropriate "effective amount" in any 
individual case may be determined by one of ordinary skill in the art using only routine 
experimentation. 

By •^pharmaceutically acceptable" carrier, excipient or diluent is meant a pharmaceutical 
15 vehicle comprised of a material that is not biologically or otherwise undesirable, i.e. the 
material may be administered to a subject along with the selected active agent without 
causing any or a substantial adverse reaction. Carriers may include excipients and other 
additives such as diluents, detergents, coloring agents, wettmg or emusifying agents, pH 
buffering agents, preservatives, and the like. 

20 

Similarly, a "phannacologically acceptable" salt, ester, emide, prodrug or derivative of a 
compound as provided herein is a salt, ester, amide, prodrug or derivative that this not 
biologically or otherwise undesirable. 

25 The terms ••treatuig" and •treatment" as used herein refer to reduction in severity and/or 
frequency of symptoms, elimination of symptoms and/or underlying cause, prevention of 
the occurrence of symptoms and/or their underlying cause, and improvement or 
remediation of damage in relation to HBV infection. Thus, for example, "treating" a 
patient involves prevention of HBV infection as well as treatment of a clinically HBV 

30 symptomatic individual by inhibiting HBV replication, infection, maintenance, assembly 
and/or the function of an enzyme such as HBV DNA polymerase. Thus, for example, the 
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present method of •treating" a patient with HBV infection or with a propensity for one to 
develop encompasses both prevention of HBV infection as well as treating HBV infection 
or symptoms thereof In any event, the present invention contemplates the treatment or 
prophylaxis of HBV infection. 

5 

"Patient" as used herein refers to an animal, preferably a mammal and more preferably a 
primate including a lower primate and even more preferably, a human who can benefit 
from the formulations and methods of the present invention. A patient regardless of 
whether a human or non-human animal may be referred to as an individual, subject, 

10 animal, host or recipient. The compounds and methods of the present invention have 
applications in human medicine, veterinary medicine as well as in general, domestic or 
wild animal husbandry. For convenience, an **animar' includes an avian species such as a 
poultry bird (including ducks, chicken, turkeys and geese), an aviary bird or game bird. 
The condition in a non-human animal may not be a naturally occurring HBV infection but 

1 5 HB V-like infection may be induced. 

As indicated above, the preferred animals are humans, non-human primates such as 
mamiossets, baboons, orangatangs, lower primates such as tupia, livestock animals, 
laboratory test animals, companion animals or C£q[)tive wild animals. A human is the most 
20 preferred target. However, non-human animal models may be used. 

Examples of laboratory test animals include mice, rats, rabbits, guinea pigs and hamstm. 
Rabbits and rodent animals, such as rats and mice, provide a convenient test system or 
animal model as do primates and lower primates. Livestock animals include sheep, cows, 
25 pigs, goats, horses and donkeys. Non-mammalian animals such as avian species, zebrafish, 
amphibians (including cane toads) and Drosophila species such as Drosophila 
melmogaster are also contemplated. Listead of a live animal model, a test system may also 
comprise a tissue culture system. 

30 Accordingly, one aspect of the present invention is directed to an isolated HBV variant 
wherein said variant comprises a nucleotide mutation in a gene encoding a DNA 
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polymerase resulting in at least one amino acid addition* substitution and/or deletion to 
said DNA polymerase and wherein said variant exhibits decreased sensitivity to ADV, 
LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, 
FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, 
5 TFV and FTC and LMV, or ADV and LMV and FTC, ADV and FTC and LMV and TFV 
and/or optionally oflier nucleoside or nucleotide analogs or other anti-HBV agents or 
combination thereof. 

An "anti-HsV agenf includes a nucleoside or nucleotide analog, protein, chemical 
10 compound, RNA or DNA or RNAi or siRNA oligonucleotide. 

Preferably, the decreased sensitivity is in respect of ADV. Alternatively, the decreased 
sensitivity is in respect of LMV. Alternatively, the decreased sensitivity is m respect of 
TFV. Alternatively, ttie decreased sensitivity is in respect of FTC. Altematively, the 

IS decreased sensitivity is in respect of ADV and LMV. Altematively, the decreased 
sensitivity is in reject of ADV and TFV. Altematively, the decreased sensitivity is in 
respect of LMV and TFV. Altematively, the decreased sensivity is in respect of ADV and 
FTC. Altematively, the decreased sensitivity is in respect to FTC and TFV. Altematively, 
the decreased sensitvity is in respect of FTC and LMV. Altematively, the decreased 

20 sensitivity is in respect of ADV and LMV and TFV. Altematively, the decreased sensivity 
is in respect to ADVand TFV and FTC. Altematively, the decreased sensivity is in respect 
to IMV and TFV and FTC. Altematively, the decrease senvitity is in respect of ADV and 
LMV and FTC. Altemartively, the decreased sensitvity is in respect of ADV and FTC and 
TFV and LMV. 

25 

Reference herein to '*anti-HBV agents" includes nucleoside and nucleotide analogs as well 
as immunological reagents (e.g. antibodies to HBV surface components) and chemical, 
pioteinaceous and nucleic acid agents which inhibit or otherwise int^ere witih viral 
replication, maintenance, infection, assembly or release. Reference herein to 'Nucleic acid** 
30 includes reference to a sense or antisense molecule, RNA or DNA, oligonucleotides and 
RNAi and siRNA molecules and complexes contaimng same. 
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In addition to a mutation in the gene encoding DNA polymerase, due to the overlapping 
nature of the HBV genome (Figure 1), a corresponding mutation may also occur in the 
gene encoding the S gene encoding the surface antigen (HBsAg) resulting in reduced 
5 interactivity of inununological reagents such as antibodies and immune cells to HBsAg. 
The reduction in the interactivity of immunological reagents to a viral surface component 
generally includes the absence of immunological memory to recognize or substantially 
recognize ttie viral surface component The present invention extends, therefore, to an 
HBV variant exhibiting decreased sensitivity to ADV, LMV, TFV, or FTC, or ADV and 

10 LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or 
ADV and LMV and TFV, or ADV and FTC. and TFV, TFV and FTC and LMV, ADV and 
LMV and FTC, and/or ADV and FTC and LMV and TFV or a reduced interactivity of an 
inununological reagent to HBsAg wherein the variant is selected for following ADV 
and/or LMV combination or sequential treatment. The term "sequential** in this respect 

15 means ADV followed by LMV and/or TFV, and lot FTC, LMV followed by ADV and/or 
TFV, and /or FTC, or multiple sequmtial administrations of each of ADV, LMV and/or 
TFV, and /or FTC. 

A viral variant may, therefore, carry mutation only in the DNA polymerase gene or both in 
20 the DNA polymerase gene and the S gene. The term ••mutation" is to be read in its broadest 
context and includes multiple mutations. 

The present invention extends to a mutation and any domain of the HBV DNA polymerase 
and in particular regions F and G, and domains A through to E provided said, mutation 
25 leads to decreased sensitivity to ADV and/ or LMV and/or TFV or combinations thereof. 
Regions F and G of ttie HBV DNA polymerase is defined by the amino acid sequence set 
forth in Formula I below [SBQ ID NO:l]: 
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FORMULAI 

L, B,, B2. D, W, G, P, C, B3, B4, H, G, B5, H, Bfi, I. R, B7, P, R, T, P, Bg. R, V, B9, G, G. V. 
F, L, V, D, K, N, P. H, N, T, B,o, E, S, B„, L. B12, V. D, F, S, Q, F, S, R, G, B ,3, B ,4, B 
5 15, V, S, W, P. K. F, A, V, P, N, L, Bu, S, L, T, N, L. L, S* 

wherein: 





B, 


is L, or R, or I 


10 


B2 


isE, orD 




B3 


is T, or D, or A, orN, or Y 




B4 


isE,orD 




Bs 


is E, or K, or Q 




B« 


isH,orR,orN, 


IS 


B7 


i8l,orT 




Bs 


is A, or S 




B9 


isTorR 




Bio 


is A, or T, or S 




Bn 


isR,orT 


20 


B|2 


isV.orG 




B|3 


is S, or I, or T, orN, or V 




Bm 


isT, orS,orH,orY 




B,$ 


is R, or H, or K, or Q 




Bi< 


isQjOrP; 



25 

and wherein S* is designated as amino acid 74. 

In this specificatipn, refer^ace is particularly made to the conserved re^ons of the DNA 
polymerase as defined by domains A to E. Regions A to E are defined by the amino acid 
30 sequence set forfli in Formula n below [SEQ ID NO:2] (and in Australian Patent No. 
734831): 



9iWBKeficismi(memm min> hnm m rtwjwuwn 
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FORMULAH 

SZ,LSWLSLDVSAAFYHZ2PLHPAAMPHLLZ3GSSGLZ4RYVA 
5 RLSSZsSZfiZvXNZgQZsZioXXXZnLHZuZuCSRZwLYVSLZasLLY 
Z,6TZ,7GZ,8KLHLZ,9Z2oHPIZ2iLGFRKZ22PMGZ23GLSPFLLAQF 

T S A I Z24 Z25 Z26 Z27 Z28 R A F Z29 H C Z30 Zai F Z32 Y M* D D Z33 V L G A Z34 Z3S Z36 
Z37 H Z38 E Z3!> L Z40 Z41 Z42 Z43 Z44 Z45 Z46 L L Z47 Z48 G I H L N P Z49 K T K R W G Y 

SLNFMGYZ50IG 

10 

wherein: 





X 


is any amino acid; 




Zi 


isNorD; 


15 


Zi 


is I or P; 




Z3 


is lor V; 




Z4 


isSorD; 




Zs 


isTorN; 




Zfi 


isRorN; 


20 


Z7 


isNorl; 




Zs 


isNorYorH; 




Z9 


isHorY; 




Z]o 


isGorR; 




Zii 


isD orN; 


25 


Z12 


isDorN; 




Z,3 


isSorY; 




Zi4 


is N or Q: 




Zl5 


isLorM; 




z,« 


isKorQ; 


30 


Zi7 


isYorF; 




Z18 


isRorW; 
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Zi9 


is Y or L; 




Z20 


is S or A; 




2:21 


is I or V; 




Z22 


is I or L; 


5 


Z23 


is V or G; 




Z24 


• is C or L; 




Z25 


is A or S; 




Z26 


is VorM; 




Z27 


is VorT; 


10 


Z28 


isRorC; 




Z29 


is F or P; 




Z30 


is L or V; 




Z31 


is A or V; 




Z32 


is S or A; 


15 


Z33 


is V or L or M; 




Z34 


isKorR; 




Z35 


isSorT; 




Z36 


is VorG; 




Z37 


isQorE; 


20 


Z38 


is L or S or R; 




Z39 


isSorF; 




Z40 


isForY; 




Z4I 


isTor A; 




Z42 


is A or S; 


25 


Z43 


* 

is Vor^ 




Z44 


is T or C; 




Z45 


isNorS; 




Z46 


isForV; 




Z47 


isSor D; 


30 


Z48 


isLor V; 




Z49 


isNorQ; 
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Z50 is V or I; and 
M* is amino acid 204; 

and wherein the first S is designated as amino acid 7S. 

5 

Preferably, the mutation results in an altered amino acid sequence in any one or more of 
domains F and G, and domains A through to E or regions proximal thereto of the HBV 
DNA polymerase. 

10 Another aspect of the present invention provides an HBV variant comprising a mutation in 
an overlapping open reading frame in its genome wherein said mutation is in a region 
defined by one or more of domains F and G, and domains A through to E of HBV DNA 
polymerase and wherein said variant exhibits decreased sensitivity to ADV, LMV, TFV, or 
FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, 

15 FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC 
and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV and/or 
optionally other nucleoside or nucleotide analogs or other anti-HBV agents. 
In a related embodiment, there is provided an HBV variant comprising a mutation in the 
nucleotide sequence encoding a DNA polymerase resulting in an amino acid addition, 

20 substitution and/or deletion in said DNA polymerase in one or more amino acids as set 
forth in Foraiula I [SEQ ID NO: 1] and/or Formula H [SEQ ID N0;2]: 

FORMULA I 

25 L, Bw B2, D, W, G, P, C, B3, B4. H, G. B5, H, 85, 1, R, B7, P. R, T. P, Bg, R. V, B9. G, G, V, 
F, L, V, D, K, N, P, H, N, T, Bio, E, S, Biu L, B,2, V, D, F, S, Q. F, S, R, G, B 13, B ,4, B 
15, V, S. W, P,K,F,A,V,P,N,L,Bi<i, S, L, T,N,L, L, S* 

wherein: 

30 

Bi isL, orR,orI 
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B2 


is B, or D 




B3 


isT, orD, or A, or N, or Y 




B4 


isE,orD 




Bs 


isE,orK, orQ 


5 


Bfi 


isH, (HrR,orN, 




B7 


' ist otT 




Bg 


is A, or S 




B9 


isTorR 




Bio 


is A, or T, or S 


10 


B„ 


is R, or T 




B,2 


is V, or G 




B,3 


is S,orI,orT,orN,orV 




Bt4 


is T.orS, orH,orY 




B,5 


is R, or H, or K, or Q 


15 


Bi6 


isQ,orP; 



and 

FORMULA n 

20 

SZ,LSWLSLDVSAAFYHZ2PLHPAAMPHLLZ3GSSGLZ4RYVA 
RLSSZ5SZ6Z7XNZ8QZ9ZioXXXZ„LHZi2Z,3CSRZi4LYVSLZi5LLY 
Z16TZJ7GZJ8KLHLZ19Z20HPIZ21 LGFRKZ22PMGZ23GLSPFLLAQF 
T S A I Z24 Z2S Z26 Z27 Z28 R A F Z29 H C Z30 Z31 F Z32 Y M* D D Z33 V L G A Z34 Z35 Z36 

25 Z37HZ38EZ39LZ4oZ4lZ42Z43Z44Z45Z46LLZ47Z48GIHLNPZ49KTKRWGY 

SLNFMGYZsoIG 
wherein: 



X 
Z, 



is any amino acid; 
isNorD; 



PMPSmqiAFlovAUMOSM nOb bott tSMaeMflWa 
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Z2 


is I or P; 




Z3 


is I or V; 




Z4 


isSorD; 




Zj 


IsTorN; 


5 


Z6 


isRorN; 




Zr 


is N or I; 






isNorYorH; 




Z9 


isHorY; 




Zio 


isGorR; 


10 


Zii 


isD orN; 




Z|2 


isD orN; 




Z|3 


isSorY; 




Z|4 


is N or Q; 




Z,5 


is Lor M; 


15 


Zi« 


isKorQ; 




Z,7 


isYorF; 




Zl8 


isRorW; 




Zi9 


is YorL; 




Z20 


is S or A; 


20 


Z21 


is I or V; 




Z22 


is I or L; 




Z23 


isVorG; 






isCorL; 






is A or S; 


25 




is VorM; 






is VorT; 






is R or C; 




Z29 


isForP; 




Z3O 


isLorV; 


30 


Z3I 


is A or V; 




Z32 


isS or A; 



PM>P8iQlSbWkoWUlM0S50adbbaUi SSMooVVtOm 
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Z33 


is VorLorM; 


Z34 


isKorR; 


Z35 


isSorT; 


Z36 


is V or G; 


Z37 


isQor E; 


Z38 


is L or S or R; 


Z39 


isSorF; 


Z40 


isForY; 


Z4I 


is Tor A; 


Z42 


is A or S; 


Z43 


is V or I; 


Z44 


is T or C; 


Z45 


is N or S; 


Z46 


is F or V; 


2I47 


isSorD; 


Z48 


is L or V; 


Z49 


is N or Q; 


Z50 


is V or I; and 


M* 


is amino acid 204; 



20 

and wherein S* in Fonnula I is designated as amino acid 74 and the first S in Formula n is 
designated as amino acid 75; 



and wherein said variant exhibits decreased sensitivity to ADV, IMV, TFV, or FTC, or 
25 ADV and LMV, ADV and TFV. LMV and TFV, FTC and ADV. FTC and TFV, FTC and 
LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, 
ADV and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally otiier 
nucleoside or nucleotide analogs or other anti-HBV agents or combination th^eoE 
Preferably, tfie decreased soisitivity is to ADV or to botii ADV and IMV or to one or both 
30 of ADV and/or LMV and/or TFV and /or FTC. 
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Anotiier preferred aspect of the present invention contemplates an HBV variant comprising 
a mutation in the nucleotide sequence encoding HBsAg resulting in an amino acid 
addition, substitution and/or deletion in said HBsAg in a region corresponding to the 
amino acid sequence set forth in Formulae I and n wherein said variant exhibits decreased 
5 sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and 
TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV 
and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or ADV and FTC 
and LMV and TFV and/or optionally other nucleoside or nucleotide analogs or other anti- 
HBV agents or combination thereof. 

10 

More particularly, the present invention provides a variant HBV comprising a surface 
antigen having an amino acid sequence with a single or multiple amino acid substitution, 
addition and/or deletion or a truncation compared to a surface antigen from a reference or 
wild-type HBV and wherein an antibody generated to the reference or wild-type surface 

IS antigen exhibits reduced capacity for neutralizing said HBV variant, said variant selected 
by exposure of a subject to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, 
LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and 
TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or 
ADV and FTC and LMV and TFV and/or optionally other nucleoside or nucleotide 

20 analogs or other anti-HBV agents or combination thereof. 

The term "combination then^y*' means that both combinations of ADV, LMV, FTC 
and/or TFV are co-administered in the same composition or simultaneously in sq>arate 
compositions. The temi "sequential therapy" means that the two agents are administered 
within seconds, minutes, hours, days or weeks of each other and in either order. Sequential 

25 therapy also encompasses completing a therapeutic course with one or other of ADV, 
LMV, FTC or TFV and then completing a second or third or subsequent dierapeutic 
courses with the other of ADV, LMV, FTC or TFV. 

Accordingly, another aspect of the present invention contemplates an HBV variant 
30 comprising a surface antigen having an amino acid sequence with a single or multiple 
amino acid substitution^ addition and/or deletion or truncation compared to the 
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pretreatment HBV and wherein the surface antigen of the variant HBV exhibits an altered 
immunological profile compared to the pretreatment HBV where the said variant HBV is 
selected for by exposure of a subject to ADV therapy or therapy by one or more other 
nucleoside or nucleotide analogs or other anti-HBV agents. 

5 

Anothw aspect of the present invention contemplates an HBV variant comprising a surface 
antigen having an amino acid sequence with a single or multiple amino acid substitution, 
addition and/or deletion or truncation compared to the pretreatment HBV and wherein the 
sur&ce antigen of the variant HBV exhibits an altered immunological profile compared to 
10 the pretreatment HBV where the said variant HBV is selected for by exposure of a subject 
to LMV tfaerq>y or ther^y by one or more other nucleoside or nucleotide analogs or other 
anti-HBV agents. 

Yet another aspect of the present invention contenqplates an HBV variant comprising a 
15 sur&ce antig«i having an amino acid sequence with a single or multiple amino add 
substitution, addition and/or deletion or truncation compared to flie pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
conq>ared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to FTC therapy or iher^y by one or more otha: nueleodde or nucleotide 
20 analogs or other anti-HBV agents. 

Still another aspect of ttie presoit invention cont6n^>lates an HBV variant comprismg a 
sur&ce antigen having an amino acid sequence witii a smgle or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
25 wherein the surface antigen of the variant HBV exhibits an altered unmunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to TFV therapy or therapy by one or more ottier nucleoside or nucleotide 
analogs or other anti-HBV agents. 

30 Even yet another aspect of ttie present invention contemplates an HBV variant comprising 
a surface antigai having an amino acid sequence with a single or multiple amino acid 
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substitution, addition and/or deletion or truncation compared to the pretreatment HB V and 
wherein the sur&ce antigen of tiie variant HBV exhibits an altered immunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to ADV and LMV theRq>y or therapy by one or more other nucleoside or 
S nucleotide analogs or other anti-HBV agents. 

Even still another aspect of of the present invention contemplates an HBV variant 
comprising a surface antigen having an amino acid sequence with a single or multiple 
amino acid substitution, addition and/or deletion or truncation compared to the 
10 pretreatment HBV and wherein the surface antigen of the variant HBV exhibits an altered 
immunological profile compared to the pretreatment HBV where the said variant HBV is 
selected for by exposure of a subject to ADV and TFV therspy or therapy by one or more 
other nucleoside or nucleotide analogs or other anti-HBV agents. 

15 A fiirther aspect of the present invention contemplates an HBV variant comprising a 
siurface antigen having an amino acid sequence with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 

20 of a subject to LMV and TFV therapy or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 

Another aspect of the present invention contemplates an HBV variant comprising a surfiu^ 
antigen having an amino acid sequence with a single or multiple amino acid substitution, 
25 addition and/or deletion or truncation compared to the pretreatment HBV and wherein the 
sur&ce antigen of the variant HBV exhibits an altered immunological profile compared to 
the pretreatment HBV where flie said variant HBV is selected for by exposure of a subject 
to ADV and FTC thers^y or therapy by one or more other nucleoside or nucleotide analogs 
or other anti-HBV agents. 



30 
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Yet another aspect of the present invention contemplates an HBV variant comprising a 
sur&ce antigen having an amino acid sequence witti a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
5 compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to TFV and FTC therapy or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 

Still another aspect of the present invention contemplates an HBV variant comprising a 
10 surfece antigen having an amino acid sequence with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of ttie variant HBV exhibits an altered inraumological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to FTC and LMV therapy or thers^y by one or more other nucleoside or 
IS nucleotide analogs or other anti-HBV agents. 

Even yet another aspect of the present invention contCTiplates an HBV variant comprising 
a surface antigen having an amino acid sequence with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
20 wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
compared to ttie pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to ADV, IMV and TFV therapy or ther^y by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents* 

25 Even still another aspect of the present invention contemplates an HBV variant comprising 
a surface antigen having an amino acid sequrace with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered immunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 

30 of a subject to ADV, LMV and TFV therapy or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 
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A further aspect of the present invention contemplates an HBV variant comprising a 
surface antigen having an amino acid sequence with a smgle or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
5 wherein the surfece antigen of the variant HBV exhibits an altered inmiunological profile 
compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
of a subject to ADV, LMV and FTC therapy or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 

10 Another aspect of the present invention contemplates an HBV variant comprising a surface 
antigen having an amino acid sequence with a single or multiple amino acid substitution, 
addition and/or deletion or truncation compared to the pretreatment HBV and wherein the 
sur&ce antigen of the variant HBV exhibits an altered immunological profile compared to 
tfie pretreatment HBV where the said variant HBV is selected for by exposure of a subject 

15 to FTC, LMV and TFV therapy or therapy by one or more other nucleoside or nucleotide 
analogs or other anti-HBV agents. 

Yet another aspect of ttie present invention contenqplates an HBV variant comprising a 
surface antigen having an amino acid sequence with a single or multiple amino acid 
20 substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein the surface antigen of the variant HBV exhibits an altered inmiunological profile 
compared to the pretreatment HBV where tiie said variant HBV is selected for by raposure 
of a subject to ADV, FTC and TFV ther«q>y or therapy by one or more other nucleoside or 
nucleotide analogs or other anti-HBV agents. 

25 

Still yet another aspect of the present invention contemplates an HBV variant comprising a 
sur&ce antigen having an amino acid sequence with a single or multiple amino acid 
substitution, addition and/or deletion or truncation compared to the pretreatment HBV and 
wherein tiie surface antigen of the variant HBV exhibits an altered immunological profile 
30 compared to the pretreatment HBV where the said variant HBV is selected for by exposure 
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of a subject to ADV, LMV, FTC and TFV tfa6rapy or Aarapy by one or more other 
nucleoside or nucleotide analogs or other anti-HBV agents. 

Preferably, the variants are in isolated form such that they have undergone at least one 
S purification step away from naturally occurring body fluid. Alternatively, the variants may 
be maintained in isolated body fluid or may be in DNA form. The present invention also 
contemplates infectious molecular clones comprising the genome or parts thereof from a 
variant HBV. Furtheraiore, the present invention provides isolated components from the 
variant HBVs such as but not limited to an isolated HBsAg. Accordingly, the present 
10 invention provides an isolated HBsAg or a recombinant form thereof or derivative or 
chemical equivalent thereof, said HBsAg being from a variant HBV selected by exposure 
of a subject to one or more of ADV, LMV, FTC and/or TFV or optionally one or more 
nucleoside or nucleotide analogs or other anti-HBV agents. 

IS More particularly, yet another aspect of the present invention is directed to an isolated 
variant HBsAg or a recombinant or derivative form thereof or a chemical equivalent 
thereof wherein said HBsAg or its recombinant or derivative fonm or its chemical 
equivalent exhibits an altered immimological profile compared to an HBsAg from a 
reference HBV, said HBsAg bemg from a variant HBV selected by exposure of a subject 

20 to one or more of ADV, IMV, FTC and/or TFV or optionally one or more nucleoside or 
nucleotide analogs or other anti-HBV agents. 

Even more particularly, ttie present invention provides an isolated variant HBsAg or a 
recombinant or derivative form thereof or a chemical equivalent thereof wh^ein said 

25 HBsAg or its recombinant or d^vative form or its chemical equivalent comprises an 
amino acid sequence with a single or multiple amino acid substitution, addition and/or 
deletion or a truncation compared to an HBsAg fix>m a reference HBV and wherein a 
neutralizing antibody directed to a reference HBV exhibits no or reduced neutralising 
activity to an HDBV carrymg said variant HBsAg, said HBsAg being from a variant ISBV 

30 selected by exposure of a subject to one or more of ADV, IMV, FTC and/or TFV or 
optionally one or more nucleoside or nucleotide analogs or other anti-HBV agents. 
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Preferred mutations in the HBV DNA polymerase include variants selected &om patients 
with HBV recurrence following ADV. LMV, TFV, or FTC, or ADV and LMV, ADV and 
TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV 

5 and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, 
or ADV and FTC and LMV and TFV treatment. Nucleoside or nucleotide analog or other 
anti-HBV agents treatmait may occur in relation to a transplantation procedure (e.g. bone 
marrow transplantation (BMT) or OLT) or following treatment of patients diagnosed with 
hepatitis. Following selection of variants, viral loads are obtainable at levels similar to pre- 

10 treatment levels or are increasing while on then^py. 

Useful mutants in the rt region include, in one embodimait, rtT38K, rtR55H and rtAlSlV; 
in another embodiment includes rtSn"78S. rtV80L, rtN/Sn8N, rtN/K139K, rtE142V, 
rtAn-lSlA rtI204M, rtQ/P/S/Stop215S,rt E/K218E, rlN/H238H and rtY245H; in yet 
15 another embodiment includes rtt«38T; and yet another embodiment includes rtI122V and 
rtAlSlT; or a combination thereof or an equivalent mutation. 

Such HBV variants are proposed to exhibit a decreased sensitivity to ADV. IMV, TFV, or 
FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, 
FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC 

20 and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV and/or 
optionally other nucleoside or nucleotide analogs or ofli«r anti-HBV agents or combination 
thereof. It should be noted that ttie nomenclature syston for ammo acid positions is based 
on the methionine residues in ttie YMDD motif being designated codon rt^C04. This 
numbering system is different to that in Australian Patent No. 734831 where tiie 

25 methionine residue in the YMDD motif witiiin the polymCTase gene is designated codon 
550. In this regard, rtLlSOM and rtM204V correspond to L526M and M550V, 
respectively, in Australian Patent No. 734831. Corresponding mutations may also occur in 
envelope genes such as in.one or niore of PreSl, PreS2 and S. 
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Another potential mode of action of ADV and other acyclic nucleoside phosphonates is 
that of inunune stimulation (Calio et al. Antiviral Res. 23: 77-89, 1994). A number of 
mutations resulted in changes in tiie envelope gene detected in HBV variants which may 
be associated with immune escape. These changes include in one embodiment include 
5 SQ30K. sE44G, sA47T, sI126T, sA159V and L173F, in another embodiment include 
SF55S, sC/Stop69C, sC/Y76Y, sWllOI, sN/T131N, sN134Y, sStop/W172W, 
sStop/W196W, SS/R207R; in yet another embodiment include sV14A, sL95W, sV96G, 
and I208T/I; and in yet another embodiment mclude sT47A and sW172stop, or a 
combination thereof or an equivalent mutation. 

10 

The identification of tiie variants of the present invention permits the generation of a range 
of assays to detect such variants. The detection of such variants may be important in 
identifying resistant variants to determine the appropriate form of chemotherapy and/or to 
monitor vaccination protocols, or develop new or modified vaccine preparations. 

15 

Still another aspect of the present invention contemplates a method for determining the 
potential for an HBV to exhibit reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV 
and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
or ADV and LMV and TFV. or ADV and FTC and TFV, TFV and FTC and LMV, ADV 

20 and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other 
nucleoside or nucleotide analogs or other anti-HBV agents, said method comprising 
isolating DNA or corresponduig mKNA fiom said HBV and screening for a mutation in 
the nucleotide sequence encoding HBV DNA polymerase resulting in at least one amino 
acid substitution, deletion and/or addition in any one or more of domains F and G, and A 

25 domains through to E or a region proximal tiiereto of said DNA polymerase and associated 
with resistance or decreased sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, 
ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV 
and LMV and TFV, or ADV aiid FTC and TFV, TFV and FTC and LMV, ADV and LMV 
and FTC, or ADV and FTC and LMV and TFV and/or optionally other nucleoside or 

30 nucleotide analogs or other anti-HBV agents wherein the presence of such a mutation is an 
mdication of the likelihood of resistance to said ADV, LMV, TFV, or FTC, or ADV and 
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LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or 
ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and 
LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally oflier nucleoside or 
nucleotide analogs or oth« anti-HBV agents. 

5 

Preferably, the assay detects one or more of the following mutations: in one embodiment, 
rtT38K, rfll55H and rtAlSlV; in another embodiment includes rtS/T78S, ttVSOL, 
rtN/S118N, rtN/K139K, rtE142V, rtA/T181A rtI204M, rtQ/P/S/Stop215S,rt E/K218E, 
rtN/H238H and rtY245H; in yet another embodiment includes rtN238T; and yet another 

10 embodiment includes rtI122V and rtA181T; or combinations tiiereof or an equivalent one 
or more other mutation is indicative of a variant wherein said variant exhibits a decreased 
sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and 
TFV, FTC and ADV, FTC and TFV. FTC and LMV, or ADV and LMV and TFV, or ADV 
and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or ADV and FTC 

15 and LMV and TFV and/or optionally other nucleoside or nucleotide analogs or other anti- 
HBV agmts or combination thereof. 

Acccndingly, another aspect of the present invention produces a method for determining 
whetiier an HBV strain exhibits reduced sensitivity to a nucleoside or nucleotide analog or 

20 otiier anti-HBV agents, said method comprising isolating DNA or corresponding mRNA 
fix>m said HBV and screening for a mutation in the nucleotide sequence encoding tiie DNA 
polymerase and/or a corresponding region of the S gene, wherein tiie presence of a 
mutation selected fiom, in one embodiment, still anotiier embodiment, one 
embodiment include sQSOK. sE44G, sA47T, sI126T, sA159V and L173F, in anotiier 

25 embodiment include sF55S, sC/Stop69C, sC/Y76Y, sWllOI, sN/T131N, sN134Y, 
8Stop/W172W, sStop/W196W, SS/R207R; in yet anotiier embodiment include sV14A, 
sL95W, sV96G, and I208T/^ and m yet another embodiment include sT47A and 
sW172stop, in even still anotiier embodiment, rtT38K, rfR55H and rtAlSlV; in another 
embodiment includes rtS/T78S, rtVSOL, rtN/Sll8N, "rtN/K139K, itE142V, rtA/tl8lA 

30 rtI204M, rtQ/P/S/Stop215S,rt EAK218E, rtN/H238H and rtY245H; in yet anotiier 
embodiment includes rtN238T; and y^ anodic embodiment includes rtI122V and 
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rtAlSlT; or combinations tliereof or an equivalent one or more other mutation is indicative 
of a variant which exhibits a decreased sensitivity to ADV, LMV, TFV, or FTC, or ADV 
and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
or APV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV 
5 and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other 
nucleoside or nucleotide analogs or other anti-HBV agents or combination thereof. 

A further aspect of the present invention produces a method for determining whether an 
HBV strain exhibits reduced sensitivity to a nucleoside or nucleotide analog or other anti- 

10 HBV agents, said method comprising isolating DNA or corresponding mRNA from said 
HBV and screening for a mutation in the nucleotide sequence encoding the DNA 
polymerase and/or a corresponding region of the S gene, wherein the presence of a 
mutation selected from, in one embodiment, sQ30K, sE44G, sA47T, sI126T, sA159V and 
L173F, in another embodiment include sF55S, sC/Stop69C, sCA^76Y, sWllOI, 

15 SN/T131N, SN134Y, sStopAV172W, sStop/W196W, sS/R207R; in yet another 
embodiment include sV14A, sL95W, sV96G, and sI208T/I; and m yet another 
embodiment mclude sT47A and sW172stop, rtT38K, rtRSSH and rtAlSlV; in anotiier 
embodiment includes rtS/T78S, rtVSOL, rtN/S118N, rtN/K:i39K, rtE142V, rtA/ri81A 
rtI204M, rtQ/P/S/Stop215S,rt E/K218E, rtN/H238H and rtY245H; in yet another 

20 embodiment includes rtN238T; and yet another embodiment includes rtI122V and 
rtA181T; combinations thereof or an equivalent one or more other mutation is indicative 
of a variant which exhibits a decreased sensitivity to ADV, LMV^ TFV, or FTC, or ADV 
and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV , ADV 

25 and IMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other 
nucleoside or nucleotide analogs or other anti-HBV agents or combination thereof 

The detection of HBV or its components in cells, cell lysates, cultured supernatant fluid 
and bodily fluid may be by any convenient means including any nucleic acid-based 
30 detection means, for example, by nucleic acid hybridization techniques or via one or more 
polymerase chain reactions (PCRs). The term **bodily fluid" includes any fluid derived 
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fiom the blood, lymph, tissue or organ systems including serum, whole blood, biopsy and 
biopsy fluid, organ explants and organ suspension such as liver suspensions. The invention 
further encompasses the use of different assay formats of said nucleic acid-based detection 
means, including restriction fragment length polymorphism (RFLP), amplified fragment 

5 length polymorphism (AFLP), single-strand chain polymorphism (SSCP), amplification 
and mismatch detection (AMD), interspersed repetitive sequence polymerase chain 
reaction (IRS-PCR), inverse polymerase chain reaction (iPCR) and reverse transcription 
polymerase chain reaction (RT-PCR), amongst others. Other forms of detection include 
Northern blots. Southern blots, PCR sequencing, antibody procedures such as ELISA, 

10 Western blot and immunohistochemistry. A particularly useful assay includes the reagents 
and components required for immobilized oligonucleotide- or oligopeptide-mediated 
detection systems. 

One particularly useful nucleic acid detection system is the reverse hybridization 
15 technique. In this technique, DNA from an HBV sample is amplified using a biotin or 
other ligand-iabeled primer to generate a labeled amplificon. Oligonucleotides 
immobilhsed to a solid support such as a nitrocellulose film are then used to capture 
amplified DNA by hybridization. Specific nucleic acid fragments are identified via biotin 
or the ligand. Generally, the labeled primer is specific for a particular nucleotide variation 
20 to be detected. Amplification occurs only if die variation to be detected is present There 
are many forms of the reverse hybridization assay and all are encompassed by the present 
invention. 

Detecting HBV replication in cell culture is particularly useful. 

25 

This and other aspects of the present invention is particularly amenable to microarray 
analysis such as to identify oligonucleotides including sense and antisense molecules, 
RNAi or siRNA molecules or DNA or RNA-binding molecules which down-regulate 
genomic sequences or transcripts of HBV. Microarray analgia may also be used to 
30 identify particular mutations in the HBV genome such as within the HBV DNA 
polymerase-coding region or die HBsAg-coding re^on. 
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Another aspect of the present invention contemplates a method for detecting an agent 
which exhibits inhibitory activity to an HB V by: 

5 generating a genetic construct comprising a replication competent-effective 

amount of the genome from the HBV contained in a plasmid vector and then transfecting 
said cells with said construct; 

contacting the cells, before, during and/or after transfection, with the agent to 

10 be tested; 

culturing the cells for a time and under conditions sufficient for the HBV to 
replicate, express genetic sequences and/or assemble and/or release virus or viras-like 
particles if resistant to said agents; and 

15 

then subjecting ttie cells, cell lysates or culture supernatant fluid to viral- or 
viral-component-detection means to determine whether or not the virus has replicated, 
expressed genetic material and/or assembled and/or been released in the presence of the 
agent. 

20 

In a preferred embodiment, the plasmid vector may include genes encoding part or all of 
oher viral vectors such as baculovkus or adenovirus i^en and Nassal, 2001, supra) and the 
method comprises: 

25 generating a genetic constract comprismg a replication competent-effective 

amount of the genome from the HBV contained in or fused to an amount of a baculovirus 
genome or adenovirus genome effective to infect cells and then infecting said cells with 
said construct; 

30 contacting the cells, before, during and/or after infection, with the agent to be 

tested; 
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culturing the cells for a time and under conditions sufficient for the HBV to 
replicate, express genetic sequences and/or assemble and/or release virus or virus-like 
particles if resistant to said agent; and 

5 

then subjecting the cells, cell lysates or culture supernatant fluid to viral- or 
viral-component-detection means to determine whether or not the virus* has replicated, 
expressed genetic material and/or assembled and/or been released in the presence of tiie 
agent. 

10 

In an alternative embodiment, the method comprises: 

generating a continuous cell line comprising an infectious copy of the genome 
of the HBV in a replication competent effective amount such that said infectious HBV 
IS genome is stably integrated into said continuous cell line such as but not limited to 2.2.15 
or AD; 

contacting the cells with the agent to be tested; 

20 culturing the cells for a time and under conditions sufficient for the HBV to 

replicate, express genetic sequences and/or assemble and/or release virus or viras-like 
particles if resistant to the agent; and 

then subjecting the cells, cell lysates or culture supernatant fluid to viral- or 
25 vural-componmt-detection means to determine whether or not the virus has replicated, 
expressed genetic material and/or assembled and/or been released in tiie presence of the 
agent. 

The above-mentioned methods are particularly useful in idaitifymg or developing agents 
30 against HBV variants such as those carrying mutations, in one embodimrat, rtT38K, 
rfRSSH and rtAlSlV; in another embodiment includes rtS/T78S, rtVSOL, rtN/S118N, 
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rtN/K139K, rtE142V, rtA/T181A itI204M, rtQ/P/S/Stop215S^ E/K218E, rtN/H238H and 
rtY245H; in yet another embodiment includes rtN238T; and yet anodier embodiment 
includes rtI122V and rtAlSlT; in a fiirther embodiment, sQ30K. sE44G, sA47T, sI126T, 
SA159V and L173F, in another embodiment include sF55S, sC/Stop69C, sC/Y76Y, 
5 sWllOI. SN/T131N, sN134Y, sStop/W172W, sStop/W196W, sS/R207R; in yet another 
embodiment include sV14A, sL95W, sV96G, and sI208T/I; and in yet another 
embodiment include sT47A and sW172stop, or a combination ttiereof or an equivalent 
mutation. 

10 Accordingly, another aspect of the present invention contemplates a method for 
determining whether an HBV strain ^diibits reduced sensitivity to a nucleoside or 
nucleotide analog or oAer potential anti-HBV agent, said method comprising isolating 
DNA or cone^onding mRNA from said HBV and screening for a mutation in the 
nucleotide sequence of the envelope genes or DNA polymerase gene selected from, in one 

15 onbodiment, in one embodiment, rlT38K, rtRSSH and rtAlSlV; in another embodiment 
includes rtS/T78S, rtVSOL, rtN/S118N, riN/K139K, rtE142V, rtA/T181A rtI204M, 
rtQ/PAS/Stop21SS,rt E/K218E, r£N/IE38H and rtY245H; in yet another embodiment 
includes riN238T; and yet another embodiment includes TtI122V and rtAlSlT; in a further 
embodimoit. sQ30K. sE44G, sA47T, sI126T, sA159V and L173F, in ano&er embodiment 

20 include sFSSS, saStop69C, sC/Y7€Yy sWllOI, sNH-lSlN, sN134Y, 8Stop/W172W, 
8Stop/W196W, SS/R207R; in yet another embodiment include sV14A, sL95W, sV96G, 
and sI208T/]^ and in yet another onbodiment include sT47A and sW172stop, or 
combinations tiiereof or an equivalent one or more otiier mutati<m is indicative of a variant 
wherein said variant exhibits a decreased sensitivity to ADV. LMV, TFV, or FTC, or ADV 

25 and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV 
and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other 
nucleoside or nucleotide analogs or other anti-HBV agents or combination thereof 

30 The detection of amino acid variants of DNA polymerase is conveniently accomplished by 
reference to tiie amino acid sequence shown in Formulae I and IL The polymorphisms 
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shown represent the variations shown in various databases for active pathogenic HBV 
strains. Where an HBV variant comprises an amino acid different to what is represented, 
then such an isolate is considered a putative HBV variant having an altered DNA 
polymerase activity. 

5 

The present invention further contemplates agents which inhibit ADV, LMV, TFV, or 
FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, 
FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC 
and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV resistant HBV 

10 variants. Such agents are particularly useful if long term treatment by ADV, LMV, FTC 
and/or TFV and/or optionally other nucleoside analogs or nucleotide analogs such as TFV 
is contemplated by the clinician. The agents may be DNA or RNA or proteinaceous or 
non-proteinaceous chemical molecules. Naturial product screening such as from plants, 
coral and microorganisms is also contemplated as a useful potential source of masking 

15 agents as is the screening of combinatorial or chemical libraries. The agents may be in 
isolated form or in the form of a pharmaceutical composition or formulation and may be 
administered in place of or sequentially or simultaneously with a nucleoside or nucleotide 
analog. Furthermore, rationale drug design is contemplated including solving the crystal or 
NMR stracture of, for example, HBV DNA polymerase and designing agents whicih can 

20 bind to the enzyme's active site. This approach may also be adapted to other HBV 
components. 

Accordingly, anotiier aspect of the present invention contemplates a method for detecting 
an agent which exhibits inhibitory activity to an HBV which exhibits resistance or 
25 decreased sensitivity to ADV. LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, 
LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and 
TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or 
ADV and FTC and LMV and TFV and/or optionally ottier nucleoside or nucleotide 
analogs or other anti-HBV agents or combination thereof, , said method comprising: 

30 
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generating a genetic construct comprising a replication competent-efiective 
amount of the genome fix>m said HBV contained in a plasmid vector and then transfecting 
said cells with said construct; 

5 contacting said cells, before, during and/or after transfection, with the agent to 

be tested; 

culturing said cells for a time and under conditions sufiQcient for the HBV to 
replicate, express genetic sequences and/or assemble and/or release virus or vims-like 
10 particles if resistant to said agent; and 

subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral- 
component-detection means to determine whether or not the virus has replicated, expressed 
genetic material and/or assembled and/or been released in the presence of said agent 

15 

Still another aspect of the present invention provides a method for detecting an agent 
which exhibits inhibitory activity to an HBV which exhibits resistance or decreased 
sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and 
TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV 
20 and FTC and TFV, TFV and FTC and LMV, ADV and UVIV and FTC, or ADV and FTC 
and LMV and TFV and/or optionally otibier nucleoside or nucleotide analogs or other anti- 
HBV agents or combination thereof, , said m^od comprising: 

generating a genetic construct comprising a replication competent-effective 
25 amount of the genome from said HBV contained in or fused to an amount of a baculo virus 
genome effective to infect cells and then infecting said cells with said construct; 

contacting said cells, before, during and/or after infection, wifli tiie agent to be 

tested; 

30 
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culturing said cells for a time and under conditions sufficient for tfie HBV to 
replicate, express genetic sequences and/or assemble and/or release virus or virus-like 
particles if resistant to said agent; and 

5 subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral- 

component-detection means to determine whether or not the virus has replicated, expressed 
genetic material and/or assembled and/or been released in the presence of said agent. 

Preferably, the HBV genome is stably integrated into the cells* genome. 

10 

Particularly useful cells are 2.2.15 cells (Price et al. Proc. Natl Acad. Set USA 86(21): 
8541-8544, 1989 or AD ceUs (also known as HepAD32 cells or HepAD79 cells [Ying et 
al. Viral Hepat. 7(2): 161-165,2000, 

15 Whilst the baculovirus vector is a particularly useful in the practice of the present 
invention, the subject invention extends to a range of other vectors such as but not limited 
to adenoviral vectors. 

The present invention further extOTds to cell lines (e.g. 2.2.15 or AD cells) carrying genetic 
20 constructs comprising all or a portion of an HBV genome or a gme or part of a gene 
therefrom. 

The present mvention also provides for the use of the subject HBV variants to screen for 
anti-viral agents. These anti-viral agents inhibit the virus. The temi **inhibif ' includes 
25 antagonizmg or otherwise preventing infection, replication, assembly and/or release or any 
intermediate step. Preferred anti-viral agents include nucleoside or nucleotide analogs or 
anti-HBV agents, however, flie present invention extends to non-nucleoside molecules. 

In addition, rational drug design is also contemplated to identify or generate chemicd 
30 molecules which either mimic a nucleoside or which internet with a particular nucleotide 
sequence or a particular nucleotide. Combinatorial chemistry and two hybrid screening are 
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some of a number of techniques which can be employed to identify potential therapeutic or 
diagnostic agents. 

Li one example, the crystal structure or the NMR structure of polymerase or the surface 
5 antigen is used to rationally design small chemical molecules likely to interact with key 
regions of the molecule required for function and/or antigenicity. Such agents may be 
useful as inhibitors of polymerase activity and/or may alter an epitope on the siuface 
antigen. 

10 Sev^ models of the HBV polymerase have been prepared due to the similarity with 
reverse transcriptase from HIV (Das et al, 7. Virol 75(10): 4771-4779, 2001; 
Bartholomeusz et al, Intervirology 40(5-6): 337-342 1997; Allen et ai, Hepatology 27(6): 
1670-1677, 1998). The models of the HBV polymerase can be used for the rational drug 
design of new agents effective against HBV encoding the resistant mutations as well as 

15 wild type virus. The rational drug that is designed may be based on a modification of an 
existing antiviral agent such as the agent used in the selection of the HBV encoding the 
mutations associated with resistance. Viruses or clones expressing HBV genomic material 
encoding the mutations may also be used to screen for new antiviral agents. 

20 In an alternative embodiment, the present invention also contemplates a method for 
detecting an agent which exhibits inhibitory activity to an HBV polymerase in an in vitro 
polymerase assay. The HBV polymerase activity can be examined using established assays 
(Gaillard et al, Antimicrob Agents Chemother, 46(4): 1005-1013, 2002; Xiong et aL, 
Hepatology 28(6): 1669-1673, 1998). 

25 

As indicated above, microarray technology is also a useful means of identifymg agents 
which are capable of interacting with defined HBV internal or external components. For 
example, arrays of HBV DNA polymerase or peptide firagments thereof carrying different 
amino acid variants may be used to screen for agents which are capable of binding or 
30 otherwise interacting with tiliese molecules. This is a convenient way of determining the 
differential binding patterns of agents between HBV variants. Arrays of antibodies may 
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also be used to screen for altered HBsAg molecules. Microarra)a5 are also useful in 
pioteomic analysis to identify molecules such as antibodies, interferons or cytokines v^hich 
have an ability to interact with an HBV component. Microarrays of DNA and RNA 
molecules may also be employed to identify sense and antisense molecules for genetic 
5 regions on the HBV genome or transcripts thereof. 

The above methods are particularly useful in identifying an inhibitor of an HBV resistant 
to or exhibiting reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV 
and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and 

1 0 LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV and LMV and 
FTC, or ADV and FTC and LMV and TFV and/or optionally other nucleoside or 
nucleotide analogs or other anti-HBV agents or combination thereof. The present invention 
extends, therefore, to compositions of the inhibitors. The inhibitors may also be in the form 
of antibodies or genetic molecules such as ribozymes, antisense molecules and/or sense 

IS molecules for co-suppression or the induction of RNAi or may be other nucleoside or 
nucleotide analogs or other anti-HBV agents or derivatives of known analogs. Reference to 
RNAi includes reference to short, interfering RNAs (siRNA). 

The term ^'composition'' includes a '^pharmaceutical composition" or a formulation. 

20 

The mhibitor is refened to below as an "active ingredient" or "active compound'' and may 
be selected from the list of inhibitors given above. 

The composition may include an antigenic component of ttie HBV, a defective HBV 
25 variant or an agent identified throu^ natural product screening or rational drug design 
(including combinatorial chemistry). 

Pharniaceutically acceptable carriers and/or diluents include any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption 
30 delaying agents and the like. The use of such media and agents for pharmaceutical active 
substances is well known in the art. Except insofar as any conventional media or agent is 
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incompatible with the active ingredient, use thereof in the therapeutic compositions is 
contemplated. Supplementary active ingrediaits can also be incorporated into the 
compositions. 

5 The pharmaceutical composition may also comprise genetic molecules such as a vector 
capable of transfecting target cells where the vector carries a nucleic acid molecule capable 
of encoding an aspartyl protease inhibitor. The vector may, for example, be a viral vector. 

Pharmaceutical forms suitable for injectable use include sterile aqueous solutions (where 
10 water soluble) and sterile powders for the extemporaneous preparation of sterile injectable 
solutions. It must be stable under the conditions of manufecture and storage and must be 
preserved against the contaminating action of microor^sms such as bacteria and fungi. 
The carrio- can be a solvent or dilution medium comprising, for example, water, ethanol, 
polyo! (for example, glycerol, propylene glycol and Uquid polyethylene glycol, and the 
1 5 like), suitable mixtures thereof and vegetable oils. The proper fluidity can be maintained, 
for example, by the use of superfectants. The preventions of the action of microorganisms 
can be brou^t about by various anti-bacterial and anti-fongal agents, for example, 
parabens, chlorobutanol, phenol, 8ori)ic acid, fliirmerosal and the like. In many cases, it 
will be preferable to include isotonic agents, for example, sugars or sodium chloride. 
20 Prolonged absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminium monostearate and 
gelatin. 

Sterile injectable solutions are prepared by incorporating the active compounds in the 
25 required amount in the appropriate solvent with the active ingredient and optionally other 
active ingredients as required, followed by filtered sterilization or other appropriate means 
of sterilization. In the case of sterile powders for the preparation of sterile injectable 
solutions, suitable methods of preparation include vacuum dryiiig and the freeze-drying 
technique which yield a powder of active ingredient plus any additionally desirol 
30 ingredient. 
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When the active ingredient is suitably protected, it may be orally administered, for 
example, with an inert diluent or with an assimilable edible carrier, or it may be enclosed 
in hard or soft shell gelatin capsule, or it may be compressed into tablets. For oral 
therapeutic administration, the active ingredient may be incorporated with excipients and 

5 used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, 
syrups, wafers and the like. Such compositions and preparations should contain at least 1% 
by weight of active compound. The percentage of the compositions and preparations may, 
of course, be varied and may conveniently be between about 5 to about 80% of the weight 
of the unit. The amount of active compound in such thersq^eutically useful compositions is 

10 such that a suitable dosage will be obtained. Preferred compositions or preparations 
according to the present invention are prqpared so that an oral dosage unit form contains 
between about 0.1 ^g and 200 mg of active compound. Alternative dosage amounts 
include from about 1 ^g to about 1000 mg and from about 10 \xg to about 500 mg. These 
dosages may be per individual or per kg body weight Administration may be per hour, 

1 5 day, week, month or year. 

The tablets, troches, pills, capsules and the like may also contain the components as listed 
hereafter. A binder such as gum, acacia, com starch or gelatin; excipients such as 
dicalcium phosphate; a disintegratmg agent such as com starch, potato starch, alginic acid 

20 and Ae like; a lubricant such as magnesium stearate; and a sweetening agmt such as 
sucrose, lactose or saccharin may be added or a flavouring agent such as pq>permint, oil of 
wintergreen or cherry flavouring. When the dosage unit form is a capsule, it may contain, 
in addition to materials of the above type, a liquid carrier. Various other materials may be 
present as coatings or to otherwise modify the physical form of the dosage unit. For 

25 instance, tablets, pills or c£q>sules may be coated witti shellac, sugar or botih. A syrap or 
elixir may contain the active compound, sucrose as a sweetening agent, methyl and 
propylparabens as preservatives, a dye and a flavouring. Of course, any material used in 
preparing any dosage imit form should be pharmMeutically pure and substantially non- 
toxic in the amounts employed. In addition, the active compound(s) may be incorporated 

30 into sustained-release preparations and formulations. 
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As stated above, the present mvention further extends to an isolated HBsAg fix)ni the HBV 
variants herein described. More particularly, the present invention provides an HBsAg or a 
recombinant form thereof or derivative or chemical equivalent thereof. The isolated 
surface component and, more particularly, isolated surface antigen or its recombinant, 
5 derivative or chemical equivalents are useful in the development of biological 
compositions such as vaccine formulations. 

Yet another aspect of the present invention provides a composition comprising a variant 
HBV resistant to ADV, LMV, TFV, or FTC, or ADV and LMV, ADV and TFV, LMV and 

10 TFV, FTC and ADV, FTC and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV 
and FTC and TFV, TFV and FTC and LMV, ADV and LMV and FTC, or ADV and FTC 
and LMV and TFV and/or optionally other nucleoside or nucleotide analogs or other anti- 
HBV agents or an HBV surface antigen from said variant HBV or a recombinant or 
derivative form thereof or its chemical equivalent and one or more pharmaceutically 

15 acceptable carriers and/or diluents. Such a composition may be regarded as a therapeutic 
composition and is useful in generating an irmnune response including a humoral response. 
Generally, the HBV variants bxo "defective" and in themselves are unable to cause a 
sustained infection in a subject. 

20 As indicated above, antibodies may be generated to the mutant HBV agents and used for 
passive or direct vaccination against infection by ftese viruses. The antibodies may be 
generated in humans or non-human animals, hi the case of the latter, tiie non-human 
antibodies may need to be deimmunized or more specifically humanized prior to use. 
Deinmiunized may include, for example, graftmg complimentarity determinmg regions 

25 (CDRs) from the variable region of a murine or non-human animal anti-HBV antibody 
onto a human consensus fragment antibody binding (Fab) polypeptide. Alternatively, 
amino acids defining epitopes in the variable region of the antibody may be mutated so that 
the epitopes are no longer recognized by the human MHC n complex. 

30 Insofar as ribozyme, antisense or co-suppression (RNAi) or siRNA or complexes thereof 
repression is conconed, this is conveniently aimed at post-transcription gene silencing. 
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DNA or RNA may be administered or a complex comprising RNAi or a chemical analog 
thereof specific for HBV mRNA may be employed. 

All such molecules maybe incorporated into pharmaceutical compositions, 

5 

In another embodiment, the present invention provides a biological composition 
comprising a variant HBV or an HBsAg or L, M or S proteins from said variant HBV or a 
reconibinant or derivative form thereof or its chemical equivalent. 

10 Generally, if an HBV is used, it is first attenuated. The biological composition according to 
this aspect of the present invention generally fiirther comprises one or more 
pharmaceutically acceptable carriers and/or diluents. 

The biological composition may comprise HBsAg or like molecule fi^om one HBV variant 
15 or the composition may be a cocktail of HbsAgs or L, M or S proteins or like molecules 
fiom a range of ADV- and/or LMV- and/or, FTC- and/or TFV-resistant HBV variants. 
Shnilar inclusions ^ply where the composition comprises an HBV. 

The present invention is further directed to the use of defective HBV variants in the 
20 manufacture of therapeutic vaccines to vaccinate individuals agauist infection by HBV 
strains having a particular nucleotide sequence or encoding a particular polymerase or 
surface antigen or L, M or S proteins. 

Examples of suitable vaccine candidates are defective forms of HBV variants comprising a 
25 mutation selected fix>m, in one embodiment, in one embodiment, rtT38K, rtR55H and 
rtAlSlV; in another embodunent includes rtS/T78S, rtVSOL, rtN/S118N, riN/K139K, 
rtB142V, rtA/T181 A rtI204M, rtQ/P/S/Stop21SS,rt B/EC218E, rfN/H238H and rtY245H; in 
yet another embodiment includes_riN238T; aftd yet anoflier embodiment includes rtI122V 
and rtAlSlT; in a further embodiment, sQSOK. sE44G, sA47T, sI126T, sA159V and 
30 L173F, in another embodunent include sF55S, sCyStop69C, sCyY76Y, sWUOI, 
SN/T131N, sN134Y, sStop/W172W, sStop/W196W, sS/R207R; in yet another 
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embodiment include sVHA, sL95W, sV96G, and sI208T/I; and in yet another 
embodiment include sT47A and sW172stop, or a combination thereof or an equivalent 
mutation. 

5 In one embodiment, for example, an HBV variant may be identified having a particular 
mutation in its polymerase conferring resistance or decreased sensitivity to a nucleoside 
analog. This variant may then be mutated to render it defective, i.e. attenuated or unable to 
cause infection. Such a defective, nucleoside analog-resistant virus may then be used as a 
ttierapeutic vaccine against virulent viruses having the same mutation in its polymerase. 

10 

The subject inventicm extends to kits for assays for variant HBV resistant to ADV, LMV, 
TFV, or FTC, or ADV and IMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC 
and TFV, FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV 
and FTC and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV.. Such 
15 kits may, for example, contain the reagents ftom PCR or otiior nucleic acid hybridization 
technology or reagents for immunologically based detection techniques. A particularly 
useful assay includes the reagoits and componmts required for immobilized 
oligonucleotide- or oligopeptide-mediated detection systems. 

20 Still another aspect of the present invention contemplates a method for determining the 
potential for an HBV to exhibit reduced sensitivity to ADV, LMV, TFV, or FTC, or ADV 
and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV, FTC and LMV, 
or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, ADV 
and LMV and FTC, or ADV and FTC and LMV and TFV and/or optionally other 

25 nucleoside or nucleotide analogs or othor anti-HBV agents or combination fh&eof, said 
method comprising isoUiting DNA or corresponding mRNA from said HBV and screening 
for a mutation in the nucleotide sequence encoding HBV DNA polymerase resulting in at 
least one amino acid substitution, deletion and/or Edition m any one or more of domains F 
and G, and domains A through to E or a region proximal thereto of said DNA polymerase 

30 and associated with resistance or decreased sensitivity to ADV, LMV, TFV, or FTC, or 
ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV, FTC and TFV. FTC and 
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t 

LMV, or ADV and LMV and TFV, or ADV and FTC and TFV, TFV and FTC and LMV, 
ADV and LMV and FTC, or ADV and FTC and LMV and TFV, wherein the presence of 
such a mutation is an indication of the likelihood of resistance to said ADV, LMV, TFV, or 
FTC, or ADV and LMV, ADV and TFV, LMV and TFV, FTC and ADV. FTC and TFV, 
5 FTC and LMV, or ADV and LMV and TFV, or ADV and FTC and TFV. TFV and FTC 
and LMV, ADV and LMV and FTC, or ADV and FTC and LMV and TFV. 

An assessment of a potential viral variant is important for selection of an appropriate 
ther^eutic protocol. Such an assessment is suitably facilitated with the assistance of a 

10 computer programmed with software, which inter alia adds index values (Ivs) for at least 
two features associated with the viral variants to provide a potency value (Pa) 
conespondmg to the resistance or sensitivity of a viral variant to a particular chemical 
compound or immunological agent. The lys can be selected ftom (a) the ability to exhibit 
resistance for reduced sensitivity to a particular compoimd or immunological agent; (b) an 

15 altered DNA polymerase fiom wild-type HBV; (c) an altered surface antigen from wild- 
typo HBV; or (d) morbidity or recovery potential of a patient Thus, in accordance with the 
present invention, lys for such features are stored in a machme-readable storage mediumi 
which is cs^able of processing tiie data to provide a Pa for a particular viral variant or a 
biological specimen comprising same. 

20 

Thus, in another aspect, flie invention contotnplates a computer program product for 
assessing the likely usefldness of a viral variant or biological sample comprising same for 
determining an ^ropriate tiier^eutic protocol in a subject (Figure 3), said product 
comprising: 

25 

(1) code that receives as input Ivs for at least two features associated with said viral 
agents or biological sample comprising same, wherein said features are selected 
fiom: - - 



30 (a) the ability to exhibit resistance for reduced sensitivity to a particular 

compoimd or immunological agent; 
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(b) an altered DNA polymerase from wild-type HBV; 

(c) an altered surface antigen from wild-type HBV; 

(d) morbidity or recovery potential of a patient; or 

(e) altered replication capacity (increased or decreased); 

5 

(2) code that adds said lys to provide a sum corresponding to a Pv for said viral 
variants or biological samples; and 

(3) a computer readable medium that stores the codes. 

10 

In a related aspect, the invention extends to a computer for assessing the likely usefulness 
of a viral variant or biological sample comprising same in a subject, wherein said computer 
comprises: 



IS (1) a machine-readable data storage medium comprising a data storage material 
encoded with machine-readable data, wherein said machine-readable data comprise 
lys for at least two features associated with said viral variant or biological sample; 
wherein said features are selected fiom:- 



20 (a) the ability to exhibit resistance for reduced srasitivity to a particular 

compound or immunological agent; 

(b) an altered DNA polymerase from wild-type HBV; 

(c) an altered surface antigen from wild-type HBV; 

(d) morbidity or recovery potential of a patient; or 

25 (e) altered replication capacity (increased or decreased); 



(2) 



a working memory for storing instructions for processing said machine-readable 
data; 



58 



(3) 



a central-processing unit coupled to said working memory and to said machine- 
readable data storage medium, for processing said machine readable data to provide 
a sum of said lys corresponding to a Py for said compound(8); and 

5 (4) an output hardware coupled to said central processing unit, for receiving said Pv. 

Any general or special purpose computer system is contemplated by the present invention 
and includes a processor in electrical communication with both a memory and at least one 
input/output device, such as a terminal. Figure 3 shows a generally suitable computer 

10 system. Such a system may include, but is not limited, to personal computers, workstations 
or mainframes. The processor may be a general purpose processor or microprocessor or a 
specialized processor executing programs located in RAM memory. The programs may be 
placed in RAM fiom a storage device, such as a disk or pre-programmed ROM memory. 
The RAM memory in one embodiment is used both for data storage and program 

15 execution. The computer system also embraces systems where the processor and memory 
reside in different physical entities but which are in electrical communication by means of 
a network. 

In an alternative embodiment, the program screens for a mutation selected fiom, in one 
20 embodiment, in one embodiment, rtT38K. rtR55H and itAlSlV; in another embodiment 
includes rtSA78S. rtVSOL, rtN/SU8N, rtN/K139K, rtE142V. rtAA-lSlA rtI204M, 
rtQ/P/S/Stop215S,rt E/K218E, rfN/H238H and rtY245H; in yet another embodiment 
includes rtN238T; and yet another embodiment includes rai22V and rtAlSlT; in a fiirther 
embodiment, sQ30K. sE44G, 8A47T, sI12CT, sA159V and L173F, in another embodiment 
25 include sF55S. sCyStop69C, sOYieY, sWUOI. sN/T131N, sN134Y. sStop/W172W. 
sStop/W195W, SS/R207R; in yet another embodiment include sV14A, sL95W, sV96G, 
and SI208T/I; and in yet another embodiment include sT47A and sWl72stop, or a 
combination thereof or an equivalent mutation. 



30 
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The present invention is further described by the following non-limiting Examples. 

EXAMPLE 1 
Overlapping genome ofHB V 

5 

The overlapping genome of HBV is represented in Figure 1. The gene encoding DNA 
polymwase (P), ov&Aaps the viral envelope graes, Pre-Sl and Pre-S2, and partially 
overlsq>s the X and core (C) genes. "Hie HBV envelope comprises small, middle and large 
proteins HBV sur&ce antics. The large protein component is referred to as the HBV 
10 surfiice antigen (HBsAg) and is encoded by the S gene sequence. The Pre-Sl and Pre-S2 
gene sequoices encode the other envelope components. 

EXAMPLE 2 
Patients on ADV Treatment and Analysis of HBV DNA 

IS 

Patient A: During ADV treatment, unique HBV mutations were detected by 
sequencing (Table 4). This includes the unique mutation at rtT38K, and rtAlSlV. A 
number of other changes were also detected in the polymerase rtRSSH and in the 
overlapping envelope gene (Table 4, Figures 4, 5 and 6 ). The changes in the HBsAg 
20 include sQSOK, sE44G, sA47T, sI126T, sA159V and L173F. These unique changes were 
compared to reference sequences from each of the seven genotypes A-G as well as a 
consensus sequence from pretreatment samples to determine unique changes 

Patient B: The HBV mutations during ADV treatment are listed in Table 5 and Figures 
25 7, 8, and 9. The unique changes in the rt region of the HBV DNA polymerase include 
rtY245H. Other changes in the HBV polymerase while on ADV treatment include 
rtS/T78S, rtV80L, rtN/S118N, rtN/K139K, rtE142V, rtA/T181A rtI204M, 
rtQ/P/S/Stop215S,rt E/K218E, rtN/H238H. The changes in the HBsAg while_on ADV 
treatment include sF55S, sC/Stop69C, sCyY76Y, sWllOI, sN/T131N, sNl34Y, 
30 sStop/W172W, sStop/W196W, sS/R207R. 
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Patient C : The HBV mutations prior to ADV treatment and during ADV treatment are 
listed in Table 6 and Figures 10, 11 and 12. The unique changes in the rt region of the 
HBV DNA polymerase while on ADV treatment include rtN238T. The unique changes in 
5 the HBsAg include sV14A,sL95W,sV96G, and I208T/I 

Patient D The HBV mutations during ADV treatment is listed in Table 7 and Figures 13, 
14 and 15. The unique changes in the HBV DNA polymerase include rtI122V and 
rtAlSlT. The unique changes in the surface include sT47A and sW172stop. 

10 

EXAMPLES 
Detection of Viral Markers 

Hepatitis B surface antigen (HBsAg), hepatitis B e antigen (EffleAg), anti-HBe and 
15 hepatitis B core antigen (HBcAg) specific IgG and IgM were measured using 

commercially available immunoassays (Abbott Laboratories, North Chicago, IL. USA). 

Hepatitis B viral DNA levels were measured using a c^ture hybridization assay according 

to the manufectuTOT's directions (Digene Hybrid C^ture n, Digene Diagnostics Mc, 

Beltsville, MD). The manufacturers stated cut-off for detecting HBV viremia in clinical 
20 specimens was 0.7x10* copies/ml or 2.5 pg/ml, [Hendricks et al. Am J Clin Pathol 104: 

537-46, 1995]. HBV DNA levels can also be quantitated using other commercial kits such 

as Cobas amplification HBV monitor kit O^oche). 

EXAMPLE 4 
25 Sequencing of HBV DNA 

HBV DNA was extracted fimm 100 \il of serum as described previously by Aye et al, J. 
Hepatol. 26: 11^-1153, 1997. Oligonucleotides were synthesized by Graieworks, 
Adelaide, Australia. Amplification of the HBV polymerase gene has berai described by 
30 Aye etal., 1997, stqtra. 
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The specific amplified products wet« purified using PCR purification columns firom MO 
BIO Laboratories Inc (La Jolla, CA) and directly sequenced using Big Dye terminator 
Cycle sequencing Ready Reaction Kit (Peridn Elmer. Norwalk, CT). The PCR 

5 primers were used as sequencing primers, OSl 5'- GCC TCA TTT TC3T C5GG TCA CCA 
TA.3' (nt 1408-1430) [SEQ ID N0:3], TTA3 S'-AAA TTC GCA GTC CCC AAA- 
3'(nt2128-2145) [SEQ ID NO:4], JM 5'-TTG GGG TGG AGO CCT CAG GCT - 
3Xntl676-1696) [SEQ ID NO:5]. TTA4 5'-GAA AAT TGG TAA CAG CGG -3' (nt 2615- 
2632) [SEQ ID NO:6], OS2 5' TCT CTG ACA TAG TTT CCA AT 3' (nt 2798-2817) 

10 [SEQ ID NO:7], to sequence the internal regions of the PCR products. 

EXAMPLES 
Adefbvir Dipivoxa (ADV) 

1 5 ADV (formerly Bis-pom PMEA)) is a potent inhibitor of HBV replication. The structure of 
ADV is shown in Figure 2 and its synthesis is described by Boizaria et td., J Med Chem. 
3P; 4958-4965, 1996). 



20 Those skilled in the art will appreciate that the invention described herein is susceptible to 
variations and modifications oflier tiian tiiose specifically described. It is to be understood 
tfiat tiie invention includes all such variations and modifications. The invention also 
includes all of Uie steps, features, compositions and compounds referred to or indicated in 
this specification, individually or collectively, and any and all combinations of any two or 

25 more of said steps or features 
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Table 4: Patient A HBV Polymerase and envelope mutations detected during ADV therapy 



Treatment 


Date 


HBV viral load 


HBV RT 
Mutations 


HBsAg Mutations 


ADV 


22/10/02 


8.77E+06 




ST47A 
ST131T/I 


ADV 


14/01/03 


1.21 E+09 






ADV 


8/7/03 


7.92 E+07 


rtT38K 
itAlSlV 


SL173F 



Table 5: Patient B RT and Polymerase mutations detected during ADV ther^y 



Treatment 


Date 


HBV RT Mutations 


HBsAg Mutatioi» 


ADV 


13/02/03 


rtVSOL 








SC76Y/C 






rtN118N/S 


sIllOV/I 






rfN139N/K 










SN131N/T 






rtV142E 


SY134N 






rtAlSlA/T 


sW172Stop/W 








sStopl96W 






rtI204M 


SR/S207S 






rtQ/P/S/Stop215Q 








rtE218K/E 








rtN238N/H 




ADV 


21/03/03 


rtS78T/S 


sS55F 






rtVSOL 


sC69Stqp 






rtNll8N/S 


SC76Y/C 






rtN139N/K 


sIllOV/I 








SN131N/T 






rtV142E 








rtA181A/T 


SY134N 








sW172Stop/W 






rtI204M 


sStop/W196W 






rtQ215 Q/P/S/Stop 


SS207S/R 






rtE218K/E 








rtN238N/H 




ADV 


22/07/03 


rtS/r78S 


SF55S 






rtVSOL 


. sC/Stop69C 
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rtN/S118N 
rtN/K139K 

rtE142V 
rtAA-lSlA 

rtI204M . 
rtQ/P/S^top21 


SC/Y76Y 
sWllOI 
SN/T131N 

8N134Y 
sStop/W172W 
sStop/W196W 
SS/R207R 






rtSSE^lSE 








iiN/H238H 
rtY245H 





Table 6: Patient C HBV Polymerase and envelope mutations detected during ADV ther^y 



Treatmoit 


Date 


HBV RT 
Mutations 


HBsAg Mutations 


ADV 


18/08/03 


rfN238T 


SV14A 
SL95W 
SV96G 
SI208T/I 



Table 7: Patient D HBV Polymerase and envelope mutations detected during ADV therapy 



Treatment 


Date 


HBV RT 


HBsAg Mutations 






Mutations 




ADV 


20/08/03 


rtI122V 


ST47A 






rtAlSlT 


sW172Stop 



Dated tiiis 21*' day of October, 2003 
Melbourne Health 



by its Patent Attorneys 
DAVIES COLLISON CAVE 
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Figure 4: Patient A nt sequence 

10 20 30 40 50 

GCTTCCACCAATCGGOMSGCAGGAAaACSl^ 

60 70 80 90 100 

TCTAAOAGACAGTCATCCTCAGGCCATGCAGTGGAACTCCAGCACATTCC 

110 120 130 140 150 

ACaVTGCTerGCTAGATCCCAGACCTGCn^aTGGCTCCM 

160 170 180 190 200 

GTAAACCCTQTTCa3ACTACTGCCTCrCCaiTATCGTCaU^TCT^^ 

210 220 230 240 250 

GACTGGGGACCC?rGCGCCaAATATGGAGAGCACCACATCAGGATTCCTAG 

260 270 280 290 300 

GACCCCTGCTCGTGTTAaVGGCGGGGTTTTTClTOTTGAa\AGA^ 

310 320 330 340 350 

ACAATACC^AAGAGTCTAtaCTCGTGGTGGACTtCrCr^^ 

360 370 380 390 400 

GGGAGCACCCACXSTGTCCTGGCOVAAATTTGCAGTCCCC^ 

410 420 430 440 450 

ACTCaiCCAACCTCTTGTCCTCCAATTTGTCCTGGTTATCGCTGGATGTGT 

460 470 480 490 500 

CTQCGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCaVTCTT 

510 520 530 540 550 

CTTOTTGOTTCTTCTGGACTACaUWSGTATGTTGCCC^ 

560 570 580 590 600 

TTCCAGGAACATCAACTACCAGCACGGGACCATGCAAGACCTGCACGACT 

610 620 630 640 650 

CCTGCTCAAGGAACCTCTATGTTTCCCTCTTGTTO 

660 670 680 690 700 

GGACGGAAATTGCACTTGTATrCCCATCCCATCATC^^ 

710 720 730 740 750 

GATTCCTATGGGAGTGGGCCTCAGTCCGTTTCTCCTGGTTCAGTTTACTA 

760 770 780 790 800 

GTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTC 

810 820 830 840 850 

AGTTATATGGATGATGTGGTATTGGGGGCCAAQTCTGTACaVAaiTCTTGA 

860 870 680 890 900 

jVrCCCTOTATACGGCTATTACCAATTTTCTTTTGTCTTTC 

910 920 930 940 950 

TAAACCCTAATAAAACCAAGCGTTGGGGCTACrCCCTTAACTTCATGGGA 
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960 970 980 990 1000 

TATGTAATTGGAAGTTGQQGTACCTTGCCAaUSGAACATATO 



AATCAAA 



Figure 4 
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Figure 5: Patient A, HBV Polymerase sequence 

10 20 30 40 50 

BDWGPCAEYQBHHIRIPRTPARVTGGVFLVDKNPHNTKBSRLWDFSQFS 

60 70 80 90 100 

RGSTHVSWPKPAVPimJSLTNIiLSSNLSWLSIJDVSA^ 

110 120 130 140 150 

LLVGSSGIiPRYVARLSSTSRNXNYQHQTMQDLHDSCSIUILYVSLLLLYKT 

160 170 180 190 200 

FGRKLHLYSHPIII*GFRKIPMGVGI-SPFI.LVQFTSAICSVVRRAFPHCIiA 

210 220 230 240 250 

FSYMDDVVIX3AKSVQHLESIiYTMTNFIJLSI.GIHI«NW 

260 270 
GYVXGSWGTLPQEHIVQKIK 



Figure 5 
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Figure 6: Patient A HBV HbsAg sequence 

10 20 30 40 50 

MESTTSaPLGPLLVLQAGFFLLTRIIiTIPKSLDSWWTSLNPLGGAPTCPG 

60 70 80 90 100 

QNLQSPTSNHSPTSCPPICPGYRWMCLRRPIlFIiFILIiLCLIFLI-VLIiDy 

110 120 130 140 150 

QGMLPVCPLLPGTSTTSTaPCKTCTTPAQGTSMFPSCCCTKPSDGNCTCI 

160 170 180 190 200 

PIPSSWAFVRFLWBWASVRFSWFSLIiVPFVQWFVGLSPTVWIiSVIWMiy^ 

210 220 
WGPSIiYNILNPPIPIiLPIFFCLWVYI 



Figure 6 
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Figure 7: Patient B HBV NT sequence 

10 20 30 40 50 

TCTQTCTCCACCTTTGAaAGACaiCTaVTCCTCAGGCCATGa^GTGGAAC^ 

eo 70 80 90 100 

CCACAACCTTCCACCAAACTCTQCyUVGATCCCAGAGTOAGA^ 

110 120 130 140 150 

ttcccixk:tggtqqctccagttcaggaacagtaaaccctgttccgaci^ 

160 170 180 190 200 

TGTCTCTCACACATCGTCAATCTTCrrCGAGQATTGGGGTCCCTGCGCTGA 

, 210 220 230 240 250 

ACATGGAGAACATCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAG 

260 270 280 290 300 

GCGGGGTTTTTCTTGTTOACaAGAATCCTCACAATACCGCAG^^ 

310 320 330 340 350 

CTCGTGGTGGACTTCTCTCSUVTTTTCTAGGGGGAACTACCGTGTG^^ 

360 370 380 390 400 

GCCAAAATTCGCAGTCCCCAACCTCC7UVTCACTCACCAACCTCCTGTCCT 

410 420 430 440 450 

CCaU^CTTGTCCTGGTTATCGCTGGATGTATCTOCGGCGTTTTATCATCTT 

460 470 480 490 500 

CCTCTTCATCCTGCTQCTATGCCTCMCTTCTTGTTQOTTCT 

510 520 530 540 550 

ATCAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCTTCAACCACC 

560 570 580 590 600 

AGCSlCGGGACCATGCAGAACCTGCACGACTCCTGCTaUVGGAAACTC 

610 620 630 640 650 

QTATCTCTCCTGTTGCnXSTACaUlACCTTCGGACGGA^ 

660 670 680 690 700 

TTCCCATCCCATCATCCTGQGCTTTCGGAAAATTCCTATGGGAGTGGGCC 

710 720 730 740 750 

TCAGCCCGTTTCTCCTGGCTCaVGTTTACTACTGCCATTTGTTCAGTGGTT 



Figure 7 
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760 770 780 790 800 

CGTAGGGCTTTCX:CCXACTGTTTGGCTTT^ 

810 820 830 840 850 

ATTGGGOTCCS^TCTGTATCGCATCTTGAGTCCCIT^^ 

860 870 880 890 900 

CCAATTTTCrTTTGTCnTTGGGTATACATTO 

910 920 930 940 950 

AGATGGGGTCACTCTTTACATTrCATGGGCrATGTOVTTO 

960 970 980 

GTCATTGCCACAAGATCACATCA6ACA0AAAA 



Figure 7 continued 
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Figure B: Patient B POLYMERASE sequence 

XO 20 30 40 50 

EDWGPCAEHGEHHIRIPRTPARVTGGVFLVDKNPHNTAESRLVVDFSQFS 

60 70 80 90 100 

RGNYRVSWPKFAVPNLQSLTNIiLSSm.SWIiSLDVSAAFyHI*P^ 

110 120 130 140 150 

LLVGSSQIiSRYVARLSSNSRIFiraQHaTMQNI-HDSCSRKLyVSIiLI-IiyQT 

160 170 180 190 200 

FGRKTiHLYSHPIIIiGFRKIPMGVGLSPFLIiAQFTSAICSVVRRAFPHCIiA 

210 220 230 240 250 

FSYMDDVVLGAKSVSHLESLFTAVTNFLLSLGIHLNPHKTKRWGHSIiHFM 

260 

QYVZGCYGSLPQDHIRQK 



Figure 8 



PM>PBJ»^»bVto«AlZSfiOS60 Osra md bhfiWn lnfN > Ofl<wa 
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Figure 9: Patient B HBsAO sequence 

10 20 30 40 50 

MENITSGFLGPLLVLQAGFFIiLTRILTIPQSLDSWWTSI.NFIiGGTTVCLG 

60 70 80 90 100 

QNSQSPTSNHSPTSCPPTCPQYRWMYLRRFIIFLPILLLCIiIPLLVIjLDy 

1X0 120 130 140 150 

CK3MLPVCPLIPGSSTTSTGPCRTCTTPAQGNSMYPSCCCTKPSDGNCTCI 

160 170 180 190 200 

PIPSSWAFGKFLWEWASARPSWLSLLVPFVQWFVGLSPTVWLSVIWMMWY 

210 220 
WGPSLYRILSPFLPIjLPIFFCLWVyi 



Figure 9 
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Figure 10: Patient C HBV NT sequence 

10 20 30 40 50 

aVGCy^GCGCCTCCTCCTGCCTCCTCCa^TCGGCAGTCAGGAAGACAGCCT 

60 70 BO 90 100 

ACTCCWTCTCTCaVCCTCTAAGAQACAGTCMCCTCaVGGCCATGC^^ 

110 120 130 140 150 

GAACTCCAGCACATTCCACCAAGCTCTGCTAGATCCCAQAGTGAGGGGCC 

160 170 180 190 200 

TATATTTTCCrroCTGGTGGCrCCAGTTCCGGAACAGTAAACCCTGTTCCG 

210 220 230 240 250 

ACTACTGCCTCTCCCATATCGTCAATCOTCTOSAGGACrGGGGACCCTGC 

260 270 280 290 300 

ACCGAACATGGAGAGCATCACa^TCAGGATTCCTAGGACCCCrroC^ 

310 320 330 340 350 

TACAGGCGGGGTTTTTCITGTTGACAAQAATCCTCAC^ 

360 370 380 390 400 

CTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGAACACCCAAGTG 

410 420 430 440 450 

TCCTGGCCAAAATTTGCAGTCCCCMVCCTCCAATa^CTCACCAACCTCOT 

460 470 480 490 500 

GTCCTCCAATTTOTCCTGGTTATCGCrGGATGTGTCTGaSGCGT^^ 

510 520 530 540 550 

ATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTGGGGTCTTCT 

560 570 580 590 600 

GGACTACCyUVGGTATGTTGCCOTTTTGTCCTCTACTTCCAGGAACATCAA 

610 620 630 640 650 

CTACCAGCACGGGACCATGCAAGACCTGCACGACTCCTGCTCAAGQAACC 

660 670 680 690 700 

TCTATGTTTCCCTCTTGTTGCTGTACAAAACCTTCGGACGGAAATTGCAC 

710 720 730 740 750 

TTGTATTCCCATCCO^TCaVTCTTGGGCTTTCGCAAQATTCCTAT^ 

760 770 780 790 800 

GQQCCTCAGTCCGTTTCTCCrGGCTCAGTTTACTAGTQCCAT^^ 

810 820 830 840 850 

TGGTTCGTAGGGCriTTCCCCCACTGTTTGGCTXTO 

860 870 880 89 0 900 

GTGGTATTGGGGGCCy^GTCTGTACAACAYCTTGAATCCCTT^^ 



Figure 10 
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9X0 920 930 940 950 

TOTTACCaUVTTrrCrTTTGTOTr^^ 

960 970 980 990 1000 

CCAAACGTTCGCKSCTACTCCCTXAACTTCATGGGATATQTAATTGQAAGT 

1010 1020 1030 1040 

TGOGGTACCraACCSVCS^J^CAXATTGTACACaWUWlTCAaAC^ 



Figure 10 continued 



16/21 



Figure 11: Patient C Polymerase sequence 

10 20 30 40 50 

EDWQPCTEHQEHHIRIPRTPARVTGGVPLVDKNPHNTTESRIiVVDPSQFS 

60 70 80 90 100 

RGimJVSWPKPAVPNIjQSLTOTjLSSOTiSWLSIjDVSAAFYHLPLHPAAMPH 

XIO 120 130 140 150 

MiVQSSGLPRYVARIiSSTSRNINYQHGTMQDLHDSCSRNLYVSLLLLYKT 

160 170 180 190 200 

FGRKLHLYSHPIILGPRKXPMGVGLSPFIiLAQFTSAICSVVRRAFPHCLA 

210 220 230 240 250 

FSYMDDVVLGAKSVQHLESLFTAVTNFLLSLGIHIiNPTKT^ 

260 270 
GyVIGSWGTIiPQEHIVHKIRQ 



Figure 11 



P»PeRyQh>StaWU3360a6a ficacs odb berth dn»ao nOW 
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Figure 12 Patient C HbsAg sequence 

10 20 30 40 50 

MBSTTSOFIiGPIiIiALQAGFFLLTRIIjTIPQSLDSWWTSLNFLGGTPKCPG 

60 70 80 90 100 

QNLQSPTSNHSPTSCPPICPOYRWMCLRRPIIPI-PILLIiCI-IFLWQLLDY 

110 120 130 140 ISO 

QGMLPVCPIiLPGTSTTSTGPCKTCTTPAQGTSMPPSCCCTKPSDQNCTCI 

160 170 180 190 200 

PIPSSWAFARFIiWBWASVRFSWIiSLIjVPFVQWFVGLSPTVWLLVIWMMWY 

210 220 
WGPSLTOXLNPFLPLLPIPFCIiWVyi 



Figure 12 
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Figure 13; Patient D NT sequence 

10 20 30 40 50 

CTCCTGCATCTACaU^TCGGCAGTCAGGAAGACAGCCTACrc 

60 70 80 90 100 

CCACCTCTAAGAGACAGTCATCCTXSIGGCCATGCAGTGGAAC^ 

110 120 130 140 150 

TTTCCaCCAAGCTCTOCTAGATCCCOTAGTGAGGGGCCTCTATTTTC 

160 170 180 190 200 

CTOGTGGCTCaVGTTCOGGGACAGTAAACCCTGTTCCGACTACrGC^^^ 

210 220 230 240 250 

CCCATATCGTCAATCTTCTCGAGGACTGGGGACCCTGCACTGAACATGGA 

260 270 280 290 300 

GAGCACaUlOlTaUSGATTCCTAGGACCCCTGCTCGTGTTAC^ 

310 320 330 340 350 

TTTTCTTOTTGACAAGAATCCTaVCAATACCAOVGAQTCT 

360 370 380 390 400 

TGGACTTCTCTCAATTTTCTAGGGGAAGCACCCGCGTGTCCTGQCCAAAA 

410 420 430 440 450 

TTasaVGTCCCCAACCTCaUVTCACra\CCAACCT^^ 

460 470 480 490 500 

GTCCTGGCTATOKZTGGATGTGTCTGaSGCGTTTTAT^ 

510 520 530 540 550 

ATCCTGCTOCTATGCCTCATCTTCTTGTTGGTTCTTCTGGATTACCAAGG 

560 570 580 590 600 

TATGTTGCCCGTTTGTCCTCTACTTCCAGGAACGTCWICTACCAGCACGG 

610 620 630 640 650 

QACCATGaUVQACCKK3ACGATTCCTGCTCAAGGAACCT^ 

660 670 680 690 700 

TCATGTTGCTGTACAAAACCTTCGGACGGAAACTGCaiCrTGTATTCC^^ 

710 720 730 740 750 

CCCATCATCCTGGGCTTTCGCAAGATTCCTATGGGAGTGGGCCTCAGTCC 



Figure 13 
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760 770 780 790 800 

GTTTCTCTTQAOTCAGTTTACTAGTGCCATTTGTTC^ 

BIO 820 830 840 850 

CTTTCCCCCACnXSTTTGGCTTTCyVGTTATATGGATGATGT^ 

860 870 880 890 900 

GCCAAGTCTGTACAACATCTTGAGTCCCTTTATACCGCTATTACCAATTT 

910 920 * 930 940 950 

TCTTTTQTCTTTGGGTATACATTTAAACCCTAATAAAACCAAGCGATGGG 

960 970 980 990 1000 

GTTACTCCCTTAACTTCATGGGATATGTakTTGGAAGTTGGGGGACTTTA 

1010 1020 
CCACAGGAACATATTGTGCTC 



Figure 13 continued 



PiOTBSe^efmMWOUO Offset i mlMtnWutnftW lOTO 
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Figure 14: patient D HBV POL sequence 

10 20 30 40 50 

EDWGPCTEHOEHNIRIPRTPARVTGGWLVDKNPHNTTESRIiVVDFSQ^ 

60 70 80 90 100 

RGSTRVSWPKFAVPNI-QSLTNIjLSSNLSWLSIJ)VSiU^PyHLPIiHP 

110 120 130 140 150 

LIiVGSSGLPRYVARLSSTSRNVNYQHGTMQDLHDSCSRNLYVSLMLLYKT 

160 170 180 190 200 

PGRKLHLySHPIILGFRKIPMGVGLSPFI.LTQFTSAICSVVRRAPPHCIA 

210 220 230 240 250 

FSYMDDVVIjGAKSVQmESLyTAITNFLIiSLGIHIiNPNKTra^ 

260 

GYVIGSWGTLPQEHIVL 



Figure 14 
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Figure X5 Patient D HBsAg sequence 

10 20 30 40 50 

MESTTSGFLGPLLVLQAVFFLLTRILTIPQSLDSWWTSLNFLGBAPACPG 

60 70 80 90 100 

QNSQSPTSNHSPTSCPPICPGYRWMCLRRPIIPI»FIIJ:iLCLIPLLVI.LDY 

110 120 130 140 150 

QGMLPVCPI.i;.PQTSTTSTGPCKTCTIPAQGTSMFPSCCCTKPSDGNCTCI 

160 170 180 190 200 

PIPSSW7kPARFLWEWASVRPS*I.SLLVPFVQWFVGLSPTVWI-SVIWMMWY 

210 220 
WGPSLYNIIiSPFIPIiLPIPPCIiWVyi 



Figure 15 
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